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1
INPUT-OUTPUT DEVICE AND METHOD
FOR DRIVING INPUT-OUTPUT DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

One embodiment of the present invention relates to an
input-output device. Further, one embodiment of the present
invention relates to a method for driving an input-output
device.

2. Description of the Related Art

In recent years, techniques of devices from which data is
output and to which data is input by incidence of light (such
devices are also referred to as input-output devices) have
been developed.

As an input-output device, there is an input-output device
which includes a plurality of photodetectors (also referred to
as optical sensors) arranged in matrix in a pixel portion and
a backlight including light-emitting diodes with a plurality
of colors as light sources (for example, Reference 1). In the
input-output device disclosed in Reference 1, in each frame
period, the backlight is lit while the colors of emitted light
are switched so that full-color images are displayed, and
light reflected by an object is read as data. Thus, the
input-output device disclosed in Reference 1 functions as a
touch panel. Note that a method by which a backlight is lit
while the colors of emitted light are switched in each frame
period is also referred to as a field-sequential method.

REFERENCE

Reference 1: Japanese Published Patent Application No.
11-008741

SUMMARY OF THE INVENTION

A conventional input-output device has a problem of low
accuracy of photodetection.

For example, when the conventional input-output device
employs a field-sequential method, it is necessary that a
plurality of light-emitting diodes be sequentially switched
and emit light in one frame period so that the lighting state
of a backlight can be switched. Thus, in order to generate
optical data based on the lighting state of the backlight, it is
necessary that optical data be generated in the photodetector
in each row so that optical data can be generated in all the
photodetectors in a period during which the backlight is lit.
Accordingly, the light incidence time in each photodetector
at the time of generating optical data is short, so that
accuracy of photodetection is reduced.

In addition, for example, light in an environment in which
an input-output device is placed, such as external light,
enters the input-output device. Thus, the light in the envi-
ronment causes noise when optical data is generated.
Accordingly, accuracy of photodetection is reduced. For
example, as in a touch panel, in the case where data is input
to the input-output device by entry of light reflected by a
finger, light reflected by a hand portion other than the finger
is recognized as data equivalent to data brought by the light
reflected by the finger in some cases due to light in the
environment in which the input-output device is placed.

An object of one embodiment of the present invention is
to improve accuracy of photodetection.

One embodiment of the present invention includes a
display circuit, a plurality of photodetectors, and a light unit
including a plurality of first light-emitting diodes that emit
visible light and a second light-emitting diode that emits

10

15

20

25

30

35

40

45

50

55

60

65

2

infrared light. The plurality of first light-emitting diodes are
switched and emit light per unit time and the second
light-emitting diode emits light, so that optical data is
generated in the plurality of photodetectors. Thus, the influ-
ence of light in an environment in which an input-output
device is placed is reduced.

One embodiment of the present invention is an input-
output device which includes a light unit including Z (Z is
a natural number of 3 or more) first light-emitting diodes that
emit light with a wavelength in a visible light range and a
second light-emitting diode that emits light with a wave-
length in an infrared range; X (X is a natural number)
display circuits overlapping with the light unit, supplied
with a display selection signal, supplied with a display data
signal in accordance with the display selection signal, and
set to be in a display state based on data of the input display
data signal; and Y (Y is a natural number) photodetectors
overlapping with the light unit and including a filter for
absorbing light with a wavelength in a visible light range,
supplied with a photodetection control signal, and generat-
ing data based on the illuminance of incident light in
accordance with the input photodetection control signal.

One embodiment of the present invention is an input-
output device which includes a first light unit including 7 (Z
is a natural number of 3 or more) first light-emitting diodes
that emit light with a wavelength in a visible light range; a
second light unit including a second light-emitting diode that
emits light with a wavelength in an infrared range; X (X is
a natural number) display circuits provided between the first
light unit and the second light unit, supplied with a display
selection signal, supplied with a display data signal in
accordance with the display selection signal, and set to be in
a display state based on data of the input display data signal;
and Y (Y is a natural number) photodetectors provided
between the first light unit and the second light unit and
including a filter for absorbing light with a wavelength in a
visible light range, supplied with a photodetection control
signal, and generating data based on the illuminance of
incident light in accordance with the input photodetection
control signal.

One embodiment of the present invention is a method for
driving an input-output device which includes a light unit
including 7 (Z is a natural number of 3 or more) first
light-emitting diodes that emit light with a wavelength in a
visible light range and a second light-emitting diode that
emits light with a wavelength in an infrared range; X (X is
a natural number) display circuits overlapping with the light
unit, supplied with a display selection signal, supplied with
a display data signal in accordance with the display selection
signal, and set to be in a display state based on data of the
input display data signal; and Y (Y is a natural number)
photodetectors overlapping with the light unit and including
a filter for absorbing light with a wavelength in a visible
light range, supplied with a photodetection control signal,
and generating data based on the illuminance of incident
light in accordance with the input photodetection control
signal. In the method, in a frame period set by the display
selection signal, a first region in the light unit is lit while the
Z first light-emitting diodes are sequentially switched and
emit light, and a second region in the light unit is lit while
the second light-emitting diode emit light. Y pieces of data
based on the illuminance of light incident on the Y photo-
detectors are generated in a period during which the second
region in the light unit is lit.

One embodiment of the present invention is a method for
driving an input-output device which includes a light unit
including 7 (Z is a natural number of 3 or more) first
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light-emitting diodes that emit light with a wavelength in a
visible light range and a second light-emitting diode that
emits light with a wavelength in an infrared range; X (X is
a natural number) display circuits overlapping with the light
unit, supplied with a display selection signal, supplied with
a display data signal in accordance with the display selection
signal, and set to be in a display state based on data of the
input display data signal; and Y (Y is a natural number)
photodetectors overlapping with the light unit and including
a filter for absorbing light with a wavelength in a visible
light range, supplied with a photodetection control signal,
and generating data based on the illuminance of incident
light in accordance with the input photodetection control
signal. In the method, in a frame period set by the display
selection signal, a first region in the light unit is lit while the
Z first light-emitting diodes are sequentially switched and
emit light, and a second region in the light unit is lit while
the second light-emitting diode emit light. Y pieces of first
data based on the illuminance of light incident on the Y
photodetectors are generated in a period during which the
second region in the light unit is lit, and Y pieces of second
data based on the illuminance of light incident on the Y
photodetectors are generated in a period during which the
second region in the light unit is not lit. Third data corre-
sponding to difference data between the first data and the
second data is generated.

One embodiment of the present invention is a method for
driving an input-output device which includes a first light
unit including Z (Z is a natural number of 3 or more) first
light-emitting diodes that emit light with a wavelength in a
visible light range; a second light unit including a second
light-emitting diode that emits light with a wavelength in an
infrared range; X (X is a natural number) display circuits
provided between the first light unit and the second light
unit, supplied with a display selection signal, supplied with
a display data signal in accordance with the display selection
signal, and set to be in a display state based on data of the
input display data signal; and Y (Y is a natural number)
photodetectors provided between the first light unit and the
second light unit and including a filter for absorbing light
with a wavelength in a visible light range, supplied with a
photodetection control signal, and generating data based on
the illuminance of incident light in accordance with the input
photodetection control signal. In the method, in a frame
period set by the display selection signal, the first light unit
is lit while the Z first light-emitting diodes are sequentially
switched and emit light, and the second light unit is lit while
the second light-emitting diode emit light. Y pieces of data
based on the illuminance of light incident on the Y photo-
detectors are generated in a period during which the second
light unit is lit.

One embodiment of the present invention is a method for
driving an input-output device which includes a first light
unit including Z (Z is a natural number of 3 or more) first
light-emitting diodes that emit light with a wavelength in a
visible light range; a second light unit including a second
light-emitting diode that emits light with a wavelength in an
infrared range; X (X is a natural number) display circuits
provided between the first light unit and the second light
unit, supplied with a display selection signal, supplied with
a display data signal in accordance with the display selection
signal, and set to be in a display state based on data of the
input display data signal; and Y (Y is a natural number)
photodetectors provided between the first light unit and the
second light unit and including a filter for absorbing light
with a wavelength in a visible light range, supplied with a
photodetection control signal, and generating data based on
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the illuminance of incident light in accordance with the input
photodetection control signal. In the method, in a frame
period set by the display selection signal, the first light unit
is lit while the Z first light-emitting diodes are sequentially
switched and emit light, and the second light unit is lit while
the second light-emitting diode emit light. Y pieces of first
data based on the illuminance of light incident on the Y
photodetectors are generated in a period during which the
second light unit is lit, and Y pieces of second data based on
the illuminance of light incident on the Y photodetectors are
generated in a period during which the second light unit is
not lit. Third data corresponding to difference data between
the first data and the second data is generated.

According to one embodiment of the present invention,
accuracy of photodetection can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B illustrate an example of an input-output
device in Embodiment 1;

FIGS. 2A and 2B illustrate an example of an input-output
device in Embodiment 2;

FIGS. 3A and 3B illustrate an example of an input-output
device in Embodiment 3;

FIGS. 4A to 4D illustrate examples of photodetectors in
Embodiment 4;

FIGS. 5A to 5D illustrate examples of display circuits in
Embodiment 5;

FIG. 6 is a schematic cross-sectional view illustrating a
structure example of a light unit in Embodiment 6;

FIGS. 7A to 7D are schematic cross-sectional views each
illustrating a structure example of a transistor in Embodi-
ment 7;

FIGS. 8A to 8E are schematic cross-sectional views
illustrating an example of a method for forming the transis-
tor in FIG. 7A;

FIGS. 9A and 9B illustrate a circuit for evaluating char-
acteristics;

FIG. 10A illustrates a relationship between elapsed time
Time in measurement of Samples 4, 5, and 6 (SMPs 4, 5, 6)
and output voltage Vout, and FIG. 10B illustrates a relation-
ship between the elapsed time Time in the measurement of
Samples 4, 5, and 6 (SMPs 4, 5, 6) and leakage current
calculated from the measurement;

FIG. 11 illustrates a relationship between voltage of a
node A and leakage current estimated from the measure-
ment;

FIG. 12 illustrates a relationship between voltage of the
node A and leakage current estimated from the measure-
ment;

FIG. 13 illustrates a relationship between voltage of the
node A and leakage current estimated from the measure-
ment;

FIG. 14 illustrates a relationship between voltage of the
node A and leakage current estimated from the measure-
ment;

FIGS. 15A and 15B illustrate a structure example of an
active-matrix substrate in Embodiment §;

FIGS. 16A and 16B illustrate a structure example of an
active-matrix substrate in Embodiment §;

FIGS. 17A and 17B illustrate a structure example of an
input-output device in Embodiment 8; and

FIGS. 18A to 18F illustrate structure examples of elec-
tronic devices in Embodiment 9.
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DETAILED DESCRIPTION OF THE
INVENTION

Examples of embodiments of the present invention will be
described below with reference to the drawings. Note that
the present invention is not limited to the following descrip-
tion. It will be readily appreciated by those skilled in the art
that modes and details of the present invention can be
modified in various ways without departing from the spirit
and scope of the present invention. The present invention
therefore should not be construed as being limited to the
following description of the embodiments.

Note that the contents of the embodiments can be com-
bined with each other as appropriate. In addition, the con-
tents of the embodiments can be replaced with each other.
(Embodiment 1)

In this embodiment, an input-output device that can
output data and can input data by incident light is described.

An example of the input-output device in this embodi-
ment is described with reference to FIGS. 1A and 1B. FIGS.
1A and 1B illustrate the example of the input-output device
in this embodiment.

First, a structure example of the input-output device in
this embodiment is described with reference to FIG. 1A.
FIG. 1A is a schematic diagram illustrating the structure
example of the input-output device in this embodiment.

The input-output device illustrated in FIG. 1A includes a
display selection signal output circuit (DSELOUT) 101, a
display data signal output circuit (DDOUT) 102, a photo-
detection reset signal output circuit (PRSTOUT) 1034, a
photodetection control signal output circuit (PCTLOUT)
1034, an output selection signal output circuit (OSELOUT)
103c, a light unit (LIGHT) 104, X (X is a natural number)
display circuits (DISP) 1054, Y (Y is a natural number)
photodetectors (PS) 105p, and a reading circuit (READ)
106.

The display selection signal output circuit 101 has a
function of outputting a plurality of display selection signals
that are pulse signals (also referred to as signals DSEL).

The display selection signal output circuit 101 includes,
for example, a shift register. The display selection signal
output circuit 101 can output display selection signals by
output of pulse signals from the shift register.

A video signal representing an image with an electrical
signal is input to the display data signal output circuit 102.
The display data signal output circuit 102 has a function of
generating a display data signal (also referred to as a signal
DD) that is a voltage signal on the basis of the input video
signal and outputting the generated display data signal.

The display data signal output circuit 102 includes, for
example, a transistor.

Note that in the input-output device, the transistor
includes two terminals and a current control terminal for
controlling current flowing between the two terminals by
applied voltage. Note that without limitation to the transis-
tor, terminals where current flowing therebetween is con-
trolled are also referred to as current terminals. Two current
terminals are also referred to as a first current terminal and
a second current terminal.

Further, in the input-output device, a field-effect transistor
can be used as the transistor, for example. In a field-effect
transistor, a first current terminal, a second current terminal,
and a current control terminal are one of a source and a
drain, the other of the source and the drain, and a gate,
respectively.

The term “voltage” generally means a difference between
potentials at two points (also referred to as a potential

10

15

20

25

30

35

40

45

50

55

60

65

6

difference). However, levels of voltage and potentials are
represented by volts (V) in a circuit diagram or the like in
some cases, so that it is difficult to distinguish them. Thus,
in this specification, a potential difference between a poten-
tial at one point and a potential to be a reference (also
referred to as a reference potential) is used as voltage at the
point in some cases unless otherwise specified.

The display data signal output circuit 102 can output data
of'a video signal as a display data signal when the transistor
is on. The transistor can be controlled by input of a control
signal that is a pulse signal to the current control terminal.
Note that in the case where the number of the display circuits
105d is plural, a plurality of transistors may be selectively
turned on or off so that data of video signals is output as a
plurality of display data signals.

The photodetection reset signal output circuit 103a has a
function of outputting photodetection reset signals that are
pulse signals (also referred to as signals PRST).

The photodetection reset signal output circuit 103a
includes, for example, a shift register. The photodetection
reset signal output circuit 103« can output photodetection
reset signals by output of pulse signals from the shift
register.

The photodetection control signal output circuit 1035 has
a function of outputting photodetection control signals that
are pulse signals (also referred to as signals PCTL). Note
that the photodetection control signal output circuit 1035 is
not necessarily provided.

The photodetection control signal output circuit 1035
includes, for example, a shift register. The photodetection
control signal output circuit 1035 can output photodetection
control signals by output of pulse signals from the shift
register.

The output selection signal output circuit 103¢ has a
function of outputting output selection signals that are pulse
signals (also referred to as signals OSEL).

The output selection signal output circuit 103¢ includes,
for example, a shift register. The output selection signal
output circuit 103¢ can output selection signals by output of
pulse signals from the shift register.

The light unit 104 is a light-emitting unit including a light
source.

The light unit 104 includes Z (Z is a natural number of 3
or more) light-emitting diodes (also referred to as LEDs) A
and a light-emitting diode B as light sources. The lighting
state of the light unit 104 varies depending on regions where
the different light-emitting diodes are provided.

The Z light-emitting diodes A are light-emitting diodes
that emit light with a wavelength in a visible light range
(e.g., a wavelength of 360 to 830 nm). For example, a red
light-emitting diode, a green light-emitting diode, and a blue
light-emitting diode can be used as the Z light-emitting
diodes A. Note that the number of the light-emitting diodes
A of each color may be plural. Further, in addition to the red,
green, and blue light-emitting diodes, a light-emitting diode
of a different color (e.g., a white light-emitting diode) may
be used as the Z light-emitting diodes A.

The light-emitting diode B is a light-emitting diode that
emits light with a wavelength in an infrared range (e.g., a
wavelength of greater than 830 nm and less than or equal to
1000 nm).

Note that, for example, light emission of the light-emit-
ting diode A or the light-emitting diode B may be controlled
with a control signal used for selecting the light-emitting
diode A or the light emitting diode B to which voltage is
applied. In addition, a photo regulation circuit for outputting
a control signal used for controlling whether the light-



US 9,489,088 B2

7

emitting diode A or the light emitting diode B to which
voltage is applied is selected may be provided in the light
unit 104.

Thus, the light unit 104 has a region A which is lit by
emission of light from the light-emitting diode A and a
region B which is lit by emission of light from the light-
emitting diode B.

The display circuit 1054 overlaps with the light unit 104.
To the display circuit 1054, a display selection signal that is
a pulse signal is input, and a display data signal is input in
accordance with the input display selection signal. The
display circuit 1054 changes its display state in accordance
with data of the input display data signal.

The display circuit 1054 includes, for example, a display
selection transistor and a display element.

The display selection transistor has a function of selecting
whether to input data of a display data signal to the display
element.

The display element changes its display state in accor-
dance with data of a display data signal by input of the data
of the display data signal by the display selection transistor.

As the display element, a liquid crystal element or the like
can be used, for example.

As a display mode of the input-output device including a
liquid crystal element, a TN (twisted nematic) mode, an IPS
(in-plane-switching) mode, an STN (super twisted nematic)
mode, a VA (vertical alignment) mode, an ASM (axially
symmetric aligned micro-cell) mode, an OCB (optically
compensated birefringence) mode, an FLC (ferroelectric
liquid crystal) mode, an AFLC (antiferroelectric liquid crys-
tal) mode, an MVA (multi-domain vertical alignment) mode,
a PVA (patterned vertical alignment) mode, an ASV (ad-
vanced super view) mode, a FFS (fringe field switching)
mode, or the like may be used.

The photodetector 105p overlaps with the light unit 104.
A photodetection reset signal, a photodetection control sig-
nal, and an output selection signal are input to the photo-
detector 105p. Note that in the case where the number of the
photodetectors 105p is plural, the same photodetection con-
trol signal may be input to the photodetectors 105p. With
such a structure, time required for all the photodetectors to
generate optical data can be shortened, and the light inci-
dence time in each photodetector at the time of generating
the optical data can be lengthened. Note that a method by
which the same photodetection control signal is input to a
plurality of photodetectors is also referred to as a global
shutter method.

The photodetector 105p is set to be in a reset state in
accordance with a photodetection reset signal.

In addition, the photodetector 105p has a function of
generating data that is voltage based on the illuminance of
incident light (such data is also referred to as optical data) in
accordance with a photodetection control signal.

Further, the photodetector 105p has a function of output-
ting the generated optical data as an optical data signal in
accordance with an output selection signal.

The photodetector 105p includes, for example, a photo-
electric conversion element (PCE), a photodetection reset
selection transistor, a photodetection control transistor, an
amplifier transistor, and an output selection transistor. The
photodetector 105p further includes a filter for absorbing
visible light.

The photoelectric conversion element is supplied with
current (also referred to as photocurrent) in accordance with
the illuminance of incident light by incidence of the light on
the photoelectric conversion element.
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A photodetection reset signal is input to a current control
terminal of the photodetection reset selection transistor. The
photodetection reset selection transistor has a function of
selecting whether to set the voltage of a current control
terminal of the amplifier transistor to reference voltage.

A photodetection control signal is input to a current
control terminal of the photodetection control transistor. The
photodetection control transistor has a function of selecting
whether to set the voltage of the current control terminal of
the amplifier transistor to voltage based on photocurrent
flowing to the photoelectric conversion element.

An output selection signal is input to a current control
terminal of the output selection transistor. The output selec-
tion transistor has a function of selecting whether to output
optical data as an optical data signal from the photodetector
105p.

Note that the photodetector 105p outputs optical data as
an optical data signal from a first current terminal or a
second current terminal of the amplifier transistor.

The display circuit 1054 and the photodetector 105p are
provided in a pixel portion 105. The pixel portion 105 is a
region where data is displayed and read. A pixel includes at
least one display circuit 1054. In addition, the pixel may
include at least one photodetector 105p. In the case where
the number of the display circuits 1054 is plural, the display
circuits 1054 may be arranged in matrix in the pixel portion
105. Further, in the case where the number of the photode-
tectors 105p is plural, the photodetectors 105p may be
arranged in matrix in the pixel portion 105.

The reading circuit 106 has a function of selecting the
photodetector 105p for reading optical data and reading the
optical data from the selected photodetector 105p.

The reading circuit 106 includes, for example, a selector
circuit. For example, the selector circuit includes a transis-
tor. The selector circuit can read optical data by input of an
optical data signal from the photodetector 105p with the
transistor.

Next, as an example of a method for driving the input-
output device in this embodiment, an example of a method
for driving the input-output device illustrated in FIG. 1A is
described with reference to FIG. 1B. FIG. 1B is a timing
chart for illustrating the example of a method for driving the
input-output device illustrated in FIG. 1A.

In the example of a method for driving the input-output
device illustrated in FIG. 1A, in frame periods set in
accordance with display selection signals (e.g., frame peri-
ods fl to fn illustrated in FIG. 1B), the Z light-emitting
diodes A provided in the light unit 104 are sequentially
switched and emit light. Thus, the lighting state of the region
A (also referred to as a region 104(V1)) in the light unit 104
is sequentially switched from a lighting state C1 (a state in
which the first light-emitting diode A emits light) to a
lighting state Ck (a state in which the Z-th light-emitting
diode emits light).

In addition, the light-emitting diode B provided in the
light unit 104 emits light, so that the region B (also referred
to as a region 104(IR)) in the light unit 104 is set to be in a
lighting state LT (a state in which the light-emitting diode B
emits light). Note that a period during which the light-
emitting diode A emits light may overlap with a period
during which the light-emitting diode B emits light.

In addition, when a display data signal is input to the
display circuit 1054 in accordance with the display selection
signal and the region A in the light unit 104 is lit, the display
circuit 1054 is set to be in a display state based on data of
the display data signal. For example, the display state of the
display circuit 1054 is a display state dcl (a display state
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based on the lighting state C1) when the region A in the light
unit 104 is in the lighting state C1; the display state of the
display circuit 1054 is a display state dc2 (a display state
based on the lighting state C2) when the region A in the light
unit 104 is in the lighting state C2; and the display state of
the display circuit 1054 is a display state dck (a display state
based on the lighting state Ck) when the region A in the light
unit 104 is in the lighting state Ck.

When the light unit 104 in the region B is in the lighting
state LT, a pulse (pls) of a photodetection control signal is
input to the Y photodetectors 105p. At this time, the Y
photodetectors 105p generate optical data.

In addition, the Y photodetectors 105p output the gener-
ated optical data as optical data signals to the reading circuit
106 in accordance with output selection signals so that the
optical data is read in the reading circuit 106.

Note that timing of setting the light unit 104 to be in the
lighting state LT may be the same or different in the frame
periods.

As described with reference to FIGS. 1A and 1B, the
example of the input-output device in this embodiment
includes the display circuit, the plurality of photodetectors
including filters for absorbing visible light, and the light
unit. The light unit includes a plurality of light-emitting
diodes that emit visible light and a light-emitting diode that
emits infrared light. With such a structure, the influence of
light in an environment in which the input-output device is
placed or infrared light emitted from the light-emitting diode
can be reduced when optical data is generated.

Further, the example of the input-output device in this
embodiment has a structure in which part of the light unit is
lit while the plurality of light-emitting diodes that emit
visible light are sequentially switched and emit light in each
frame period. With such a structure, the input-output device
can display full-color images.

Furthermore, the example of the input-output device in
this embodiment has a structure in which a region of the
light unit in which the light-emitting diode that emits
infrared light is provided is lit while the light-emitting diode
that emits infrared light emits light in each frame period.
With such a structure, the influence of light in the environ-
ment in which the input-output device is placed or infrared
light emitted from the light-emitting diode can be reduced
when optical data is generated. Thus, the light incidence
time in each photodetector at the time of generating optical
data can be lengthened, so that accuracy of photodetection
can be improved.

Thus, with the structures, accuracy of photodetection can
be improved.

(Embodiment 2)

In this embodiment, a different example of the input-
output device in Embodiment 1 is described. Note that the
description in Embodiment is used as appropriate for por-
tions that are the same as those in Embodiment 1.

An example of the input-output device in this embodi-
ment is described with reference to FIGS. 2A and 2B. FIGS.
2A and 2B illustrate the example of the input-output device
in this embodiment.

First, a structure example of the input-output device in
this embodiment is described with reference to FIG. 2A.
FIG. 2A is a schematic diagram illustrating the structure
example of the input-output device in this embodiment.

The input-output device illustrated in FIG. 2A includes
the display selection signal output circuit 101, the display
data signal output circuit 102, the photodetection reset signal
output circuit 103a, the photodetection control signal output
circuit 1035, the output selection signal output circuit 103c¢,
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the light unit 104, the X display circuits 105d, the Y
photodetectors 105p, the reading circuit 106, and a data
processing circuit (DataP) 107.

Since the display selection signal output circuit 101, the
display data signal output circuit 102, the photodetection
reset signal output circuit 1034, the photodetection control
signal output circuit 1034, the output selection signal output
circuit 103¢, the light unit 104, the display circuit 1054, the
photodetector 105p, and the reading circuit 106 are the same
as those in the input-output device illustrated in FIG. 1A, the
description of each component in the input-output device
illustrated in FIG. 1A is used as appropriate.

The data processing circuit 107 is a circuit which per-
forms arithmetic processing on data of an input data signal.
The data processing circuit 107 includes a memory circuit
and an arithmetic circuit. The memory circuit has a function
of storing data of a data signal. The arithmetic circuit has a
function of generating difference data between data of a
plurality of data signals by arithmetic processing.

Note that the data processing circuit 107 may be included
in the input-output device. Alternatively, the input-output
device may be electrically connected to a separate data
processing means (e.g., a personal computer) having a
function equivalent to the function of the data processing
circuit. When the data processing circuit 107 is provided in
the input-output device, the number of wirings in a portion
where the data processing circuit 107 and the reading circuit
106 are connected to each other can be reduced, for example.

Next, as an example of a method for driving the input-
output device in this embodiment, an example of a method
for driving the input-output device illustrated in FIG. 2A is
described with reference to FIG. 2B. FIG. 2B is a timing
chart for illustrating the example of a method for driving the
input-output device illustrated in FIG. 2A.

In the example of a method for driving the input-output
device illustrated in FIG. 2A, in frame periods (e.g., the
frame periods f1 to fn illustrated in FIG. 2B), the Z light-
emitting diodes A provided in the light unit 104 are sequen-
tially switched and emit light. Thus, the lighting state of the
region in the light unit 104 where the light-emitting diode A
is provided is sequentially switched from the lighting state
C1 (the state in which the first light-emitting diode A emits
light) to the lighting state Ck (the state in which the Z-th
light-emitting diode A emits light). Note that the light unit
104 is not lit between the lighting states.

In addition, in a certain frame period (the frame period f1
in FIG. 2B), the region in the light unit 104 where the
light-emitting diode B is provided is set to be in the lighting
state LT while the light-emitting diode B provided in the
light unit 104 emits light. Note that a period during which
the region in the light unit 104 where the light-emitting
diode B is provided is in the lighting state LT may overlap
with periods during which the region in the light unit 104
where the light-emitting diode B is provided is in the
lighting states C1 to Ck.

In addition, when a display data signal is input to the
display circuit 1054 in accordance with the display selection
signal and the region in the light unit 104 where the
light-emitting diode A is provided is lit, the display circuit
105d is set to be in a display state based on data of the
display data signal. For example, the display state of the
display circuit 1054 is the display state dc1 (the display state
based on the lighting state C1) when the region in the light
unit 104 where the light-emitting diode A is provided is in
the lighting state C1; the display state of the display circuit
1054 is the display state dc2 (the display state based on the
lighting state C2) when the region in the light unit 104 where
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the light-emitting diode A is provided is in the lighting state
C2; and the display state of the display circuit 1054 is the
display state dck (the display state based on the lighting state
Ck) when the region in the light unit 104 where the light-
emitting diode A is provided is in the lighting state Ck.

When the region in the light unit 104 where the light-
emitting diode B is provided is lit, the pulse of a photode-
tection control signal is input to the Y photodetectors 105p.
At this time, the Y photodetectors 105p generate optical
data.

In addition, the Y photodetectors 105p output the gener-
ated optical data as optical data signals to the reading circuit
106 in accordance with output selection signals so that the
optical data is read in the reading circuit 106. The read
optical data is stored in the memory circuit included in the
data processing circuit 107.

In addition, in a frame period that is different from the
frame period (the frame period fn in FIG. 2B), when the
region in the light unit 104 where the light-emitting diode B
is provided is not lit, the pulse of a photodetection control
signal is input to the Y photodetectors 105p. At this time, the
Y photodetectors 105p generate optical data.

In addition, the Y photodetectors 105p output the gener-
ated optical data as optical data signals to the reading circuit
106 in accordance with output selection signals so that the
optical data is read in the reading circuit 106. The read
optical data is stored in the memory circuit included in the
data processing circuit 107.

Further, the arithmetic circuit included in the data pro-
cessing circuit 107 generates difference data between optical
data obtained at the time when the region in the light unit
104 where the light-emitting diode B is provided is in the
lighting state LT and optical data obtained at the time when
the region in the light unit 104 where the light-emitting
diode B is provided is not lit. The difference data is used as
data for executing predetermined processing.

As described with reference to FIGS. 2A and 2B, in the
example of the input-output device in this embodiment,
optical data at the time when the region in the light unit
where the light-emitting diode that emits infrared light is lit
and optical data at the time when the region in the light unit
where the light-emitting diode that emits infrared light is not
lit are generated and difference data between two optical
data signals is generated, in addition to the structure
described in Embodiment 1. By generation of such differ-
ence data, in addition to the advantages described in
Embodiment 1, data of light in an environment in which the
input-output device is placed can be eliminated from optical
data. Thus, the accuracy of photodetection can be further
improved.

(Embodiment 3)

In this embodiment, a different example of an input-
output device that can output data and can input data by
incident light is described. Note that the description in
Embodiment is used as appropriate for portions that are the
same as those in Embodiment 1.

An example of the input-output device in this embodi-
ment is described with reference to FIGS. 3A and 3B. FIGS.
3A and 3B illustrate the example of the input-output device
in this embodiment.

First, a structure example of the input-output device in
this embodiment is described with reference to FIG. 3A.
FIG. 3A is a schematic diagram illustrating the structure
example of the input-output device in this embodiment.

The input-output device illustrated in FIG. 3A includes
the display selection signal output circuit 101, the display
data signal output circuit 102, the photodetection reset signal
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output circuit 103a, the photodetection control signal output
circuit 1035, the output selection signal output circuit 103c¢,
a light unit 104a, a light unit 1045, the X display circuits
105d, the Y photodetectors 105p, and the reading circuit
106.

Since the display selection signal output circuit 101, the
display data signal output circuit 102, the photodetection
reset signal output circuit 1034, the photodetection control
signal output circuit 1034, the output selection signal output
circuit 103¢, the display circuit 1054, the photodetector
105p, and the reading circuit 106 are the same as those in the
input-output device illustrated in FIG. 1A, the description in
each component in the input-output device illustrated in
FIG. 1A is used as appropriate.

The light unit 104a and the light unit 1045 are light units
including light sources.

The light unit 104¢ includes the Z light-emitting diodes A
as light sources. The Z light-emitting diodes A are light-
emitting diodes that emit visible light. For example, a red
light-emitting diode, a green light-emitting diode, and a blue
light-emitting diode can be used as the Z light-emitting
diodes. Note that the number of the light-emitting diodes of
each color may be plural. Further, in addition to the red,
green, and blue light-emitting diodes, a light-emitting diode
of a different color (e.g., a white light-emitting diode) may
be used as the Z light-emitting diodes.

Note that, for example, light emission of the light-emit-
ting diode A may be controlled with a control signal used for
selecting the light-emitting diode A to which voltage is
applied. In addition, a photo regulation circuit for outputting
a control signal used for controlling whether the light-
emitting diode A to which voltage is applied is selected may
be provided in the light unit 104a.

The light unit 1045 includes the light-emitting diode B as
a light source and a light guide plate. The light-emitting
diode B is a light-emitting diode that emits infrared light.
Note that the number of the light-emitting diodes B may be
plural.

Note that, for example, light emission of the light-emit-
ting diode B may be controlled with a control signal used for
selecting the light-emitting diode B to which voltage is
applied. In addition, a photo regulation circuit for outputting
a control signal used for controlling whether the light-
emitting diode B to which voltage is applied is selected may
be provided in the light unit 1045.

Next, as an example of a method for driving the input-
output device in this embodiment, an example of a method
for driving the input-output device illustrated in FIG. 3A is
described with reference to FIG. 3B. FIG. 3B is a timing
chart for illustrating the example of a method for driving the
input-output device illustrated in FIG. 3A.

In the example of a method for driving the input-output
device illustrated in FIG. 3A, in frame periods set in
accordance with display selection signals (e.g., frame peri-
ods fl to fn illustrated in FIG. 3B), the Z light-emitting
diodes A provided in the light unit 104a are sequentially
switched and emit light. Thus, as illustrated in FIG. 3B, the
lighting state of the light unit 104¢ is sequentially switched
from the lighting state C1 (the state in which the first
light-emitting diode A emits light) to the lighting state Ck
(the state in which the Z-th light-emitting diode emits light).

When the light-emitting diode B provided in the light unit
1045 emits light, the light unit 1045 is set to be in the
lighting state LT, as illustrated in FIG. 3B. Note that periods
during which the light unit 104« is in the lighting state C1
to the lighting state Ck may overlap with a period during
which the light unit 1045 is in the lighting state LT.
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In addition, when a display data signal is input to the
display circuit 1054 in accordance with the display selection
signal and the light unit 104« is lit, the display circuit 1054
is set to be in a display state based on data of the display data
signal. For example, the display state of the display circuit
105d is the display state dc1 (the display state based on the
lighting state C1) when the light unit 104 is in the lighting
state C1; the display state of the display circuit 1054 is the
display state dc2 (the display state based on the lighting state
C2) when the light unit 104a is in the lighting state C2; and
the display state of the display circuit 1054 is the display
state dck (the display state based on the lighting state Ck)
when the light unit 104« is in the lighting state Ck.

When the light unit 1045 is lit, a pulse (pls) of a photo-
detection control signal is input to the Y photodetectors
105p. At this time, the Y photodetectors 105p generate
optical data.

In addition, the Y photodetectors 105p output the gener-
ated optical data as optical data signals to the reading circuit
106 in accordance with output selection signals so that the
optical data is read in the reading circuit 106.

Note that timing of when the light unit 10454 is lit may be
the same or different in the frame periods.

Further, as in the input-output device described in
Embodiment 2, optical data at the time when the light unit
10454 is lit and optical data at the time when the light unit
10454 is not lit may be generated and difference data between
the two optical data may be generated.

As described with reference to FIGS. 3A and 3B, the
example of the input-output device in this embodiment
includes the display circuit, the plurality of photodetectors
including filters for absorbing visible light, the first light
unit, and the second light unit. The first light unit includes
a plurality of light-emitting diodes that emit visible light.
The second light unit includes a light-emitting diode that
emits infrared light and a light guide plate on which infrared
light emitted from the light-emitting diode is incident. With
such a structure, light reflected by an object can enter the
photodetector only when the object is in contact with the
light guide plate provided in the second light unit; thus,
accuracy of photodetection can be improved and the influ-
ence of light in an environment in which the input-output
device is placed or light emitted from the light-emitting
diode that emits light with a wavelength in a visible light
range can be reduced when optical data is generated.

Further, the example of the input-output device in this
embodiment has a structure in which the region in the light
unit where the light-emitting diode that emits visible light is
provided is lit while the plurality of light-emitting diodes
that emit visible light are sequentially switched and emit
light in each frame period. With such a structure, the
input-output device can display full-color images.

Furthermore, the example of the input-output device in
this embodiment has a structure in which the second light
unit is lit while the light-emitting diode that emits infrared
light emits light in each frame period. With such a structure,
the influence of light in the environment in which the
input-output device is placed or infrared light emitted from
the light-emitting diode can be reduced when optical data is
generated. Thus, the light incidence time in each photode-
tector at the time of generating optical data can be length-
ened, so that accuracy of photodetection can be improved.

Thus, with the structures, accuracy of photodetection can
be improved.

(Embodiment 4)

In this embodiment, examples of the photodetector in the

input-output device in the above embodiment are described.
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Examples of the photodetector in this embodiment are
described with reference to FIGS. 4A to 4D. FIGS. 4A to 4D
illustrate the examples of the photodetector in this embodi-
ment.

First, structure examples of the photodetector in this
embodiment are described with reference to FIGS. 4A and
4B. FIGS. 4A and 4B illustrate the structure examples of the
photodetector in this embodiment.

The photodetector illustrated in FIG. 4A includes a pho-
toelectric conversion element 131a, a transistor 132a, a
transistor 133a, and a transistor 134a.

Note that in the photodetector illustrated in FIG. 4A, the
transistor 132a, the transistor 133a, and the transistor 134a
are field-effect transistors.

The photoelectric conversion element 131a has a first
current terminal and a second current terminal. A reset signal
is input to the first current terminal of the photoelectric
conversion element 131a.

One of a source and a drain of the transistor 134a is
electrically connected to the second current terminal of the
photoelectric conversion element 131a. A photodetection
control signal is input to a gate of the transistor 134a.

A gate of the transistor 132a is electrically connected to
the other of the source and the drain of the transistor 134a.

One of a source and a drain of the transistor 133a is
electrically connected to one of a source and a drain of the
transistor 1324. An output selection signal is input to a gate
of the transistor 133a.

Voltage V, is input to either the other of the source and the
drain of the transistor 132a or the other of the source and the
drain of the transistor 133a.

In addition, the photodetector illustrated in FIG. 4A
outputs optical data from the rest of the other of the source
and the drain of the transistor 1324 or the other of the source
and the drain of the transistor 133« as an optical data signal.

The photodetector illustrated in FIG. 4B includes a pho-
toelectric conversion element 1315, a transistor 13254, a
transistor 1335, a transistor 1345, and a transistor 135.

Note that in the photodetector illustrated in FIG. 4B, the
transistor 1325, the transistor 1335, the transistor 1345, and
the transistor 135 are field-effect transistors.

The photoelectric conversion element 1315 has a first
current terminal and a second current terminal. Voltage V,,
is input to the first current terminal of the photoelectric
conversion element 1315.

Note that one of the voltage V, and the voltage V,, is high
power supply voltage V ,,, and the other of the voltage V,
and the voltage V,, is low power supply voltage V. The high
supply voltage V ,, is voltage whose level is relatively higher
than that of the low supply voltage V. The low supply
voltage V,, is voltage whose level is relatively lower than
that of the high supply voltage V ;. The level of the voltage
V, and the level of the voltage V, might interchange depend-
ing, for example, on the polarity of the transistor. A differ-
ence between the voltage V, and the voltage V, is power
supply voltage.

One of a source and a drain of the transistor 1345 is
electrically connected to the second current terminal of the
photoelectric conversion element 1315. A photodetection
control signal is input to a gate of the transistor 1345.

A gate of the transistor 1325 is electrically connected to
the other of the source and the drain of the transistor 1345.

A photodetection reset signal is input to a gate of the
transistor 135. The voltage V,, is input to one of a source and
a drain of the transistor 135. The other of the source and the
drain of the transistor 135 is electrically connected to the
other of the source and the drain of the transistor 1345.
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An output selection signal is input to a gate of the
transistor 1335. One of a source and a drain of the transistor
1335 is electrically connected to one of a source and a drain
of the transistor 1325.

The voltage V,, is input to either the other of the source
and the drain of the transistor 1325 or the other of the source
and the drain of the transistor 1335.

In addition, the photodetector illustrated in FIG. 4B
outputs optical data from the rest of the other of the source
and the drain of the transistor 1325 or the other of the source
and the drain of the transistor 1335 as an optical data signal.

Further, the components of the photodetectors illustrated
in FIGS. 4A and 4B are described.

As the photoelectric conversion elements 131a and 1315,
photodiodes, phototransistors, or the like can be used. In the
case where the photoelectric conversion elements 131a and
13154 are photodiodes, one of an anode and a cathode of the
photodiode corresponds to the first current terminal of the
photoelectric conversion element, and the other of the anode
and the cathode of the photodiode corresponds to the second
current terminal of the photoelectric conversion element. In
the case where the photoelectric conversion elements 131a
and 1315 are phototransistors, one of a source and a drain of
the phototransistor corresponds to the first current terminal
of the photoelectric conversion element, and the other of the
source and the drain of the phototransistor corresponds to
the second current terminal of the photoelectric conversion
element.

The transistors 132a¢ and 1324 function as amplifier
transistors.

The transistors 134a and 1345 function as photodetection
control transistors. In the photodetector in this embodiment,
the transistors 134a and 1345 are not necessarily provided.
However, with provision of the transistors 134a and 1345,
gate voltage of the transistors 132a and 1324 can be kept at
a desired level for a certain period.

The transistor 135 functions as a photodetection reset
selection transistor.

The transistors 133a and 1335 function as output selection
transistors.

Note that as each of the transistors 132a, 1325, 133a,
1335, 1344, 1345, and 135, for example, it is possible to use
a transistor including a semiconductor layer containing a
semiconductor that belongs to Group 14 in the periodic table
(e.g., silicon) or a transistor including an oxide semicon-
ductor layer. Channels are formed in the semiconductor
layer and the oxide semiconductor layer of the transistors.
For example, with the use of the transistor including the
oxide semiconductor layer, fluctuation in gate voltage due to
the leakage current of each of the transistors 132a, 1325,
133a, 13354, 134a, 1345, and 135 can be suppressed.

Next, examples of methods for driving the photodetectors
illustrated in FIGS. 4A and 4B are described.

First, the example of the method for driving the photo-
detector illustrated in FIG. 4A is described with reference to
FIG. 4C. FIG. 4C is a timing chart for illustrating the
example of the method for driving the photodetector illus-
trated in FIG. 4A, which illustrates states of the photode-
tection reset signal, the output selection signal, the photo-
electric conversion element 131a, the transistor 133a, and
the transistor 134a. Note that the case where the photoelec-
tric conversion element 1314 is a photodiode is described as
an example here.

In the example of the method for driving the photodetec-
tor illustrated in FIG. 4A, first, in a period T31, the pulse of
a photodetection reset signal is input. In the period T31 and
a period T32, the pulse of a photodetection control signal is
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input. Note that in the period T31, timing of starting input of
the pulse of the photodetection reset signal may be earlier
than timing of starting input of the pulse of the photodetec-
tion control signal.

In that case, in the period T31, the photoelectric conver-
sion element 131a is in a state in which current flows in a
forward direction (also referred to as a state ST51), the
transistor 134a is turned on, and the transistor 133a is turned
off.

At this time, the voltage of the gate of the transistor 132a
is reset to a certain level.

Then, in the period T32 after the input of the pulse of the
photodetection reset signal, the photoelectric conversion
element 131a is set to be in a state in which voltage is
applied in a reverse direction (also referred to as a state
ST52), and the transistor 133a is kept off.

At this time, photocurrent flows between the first current
terminal and the second current terminal of the photoelectric
conversion element 131a in accordance with the illuminance
of light incident on the photoelectric conversion element
131a. Further, the voltage level of the gate of the transistor
132a is changed in accordance with the photocurrent. In that
case, channel resistance between the source and the drain of
the transistor 1324 is changed.

Further, in a period T33 after the input of the pulse of the
photodetection control signal, the transistor 134a is turned
off.

At this time, the voltage of the gate of the transistor 132a
is kept to be a level corresponding to the photocurrent of the
photoelectric conversion element 131a in the period T32.
Note that the period T33 is not necessarily provided; how-
ever, with provision of the period T33, timing of outputting
an optical data signal in the photodetector can be set as
appropriate. For example, timing of outputting an optical
data signal in each of the plurality of photodetectors can be
set as appropriate.

Then, in a period T34, the pulse of the output selection
signal is input.

At this time, the photoelectric conversion element 131a is
kept in the state ST52, the transistor 133« is turned on, and
current flows through the source and the drain of the
transistor 132q and the source and the drain of the transistor
133a. The amount of the current flowing through the source
and the drain of the transistor 1324 and the source and the
drain of the transistor 133a depends on the voltage level of
the gate of the transistor 132a. Thus, optical data has a value
based on the illuminance of light incident on the photoelec-
tric conversion element 131qa. In addition, the photodetector
illustrated in FIG. 4A outputs optical data from the rest of the
other of the source and the drain of the transistor 132a or the
other of the source and the drain of the transistor 1334 as an
optical data signal. That is the example of the method for
driving the photodetector illustrated in FIG. 4A.

Next, the example of the method for driving the photo-
detector illustrated in FIG. 4B is described with reference to
FIG. 4D. FIG. 4D is a timing chart for illustrating the
example of the method for driving the photodetector illus-
trated in FIG. 4B.

In the example of the method for driving the photodetec-
tor illustrated in FIG. 4B, first, in a period T41, the pulse of
a photodetection reset signal is input. In the period T41 and
a period T42, the pulse of a photodetection control signal is
input. Note that in the period T41, timing of starting input of
the pulse of the photodetection reset signal may be earlier
than timing of starting input of the pulse of the photodetec-
tion control signal.
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At this time, in the period T41, the photoelectric conver-
sion element 1315 is set to be in the state ST51, and the
transistor 1345 is turned on, so that the voltage level of the
gate of the transistor 1325 is reset to a level equivalent to the
level of the voltage V.

Further, in the period T42 after the input of the pulse of
the photodetection reset signal, the photoelectric conversion
element 1315 is set to be in the state ST52, the transistor
13454 is kept on, and the transistor 135 is turned off.

At this time, photocurrent flows between the first current
terminal and the second current terminal of the photoelectric
conversion element 1315 in accordance with the illuminance
of light incident on the photoelectric conversion element
13154. Further, the voltage level of the gate of the transistor
13254 is changed in accordance with the photocurrent. In that
case, channel resistance between the source and the drain of
the transistor 1325 is changed.

Further, in a period T43 after the input of the pulse of the
photodetection control signal, the transistor 1345 is turned
off.

At this time, the voltage of the gate of the transistor 1326
is kept to be a level corresponding to the photocurrent of the
photoelectric conversion element 1315 in the period T42.
Note that the period T43 is not necessarily provided; how-
ever, with provision of the period T43, timing of outputting
an optical data signal in the photodetector can be set as
appropriate. For example, timing of outputting an optical
data signal in each of the plurality of photodetectors can be
set as appropriate.

In a period T44, the pulse of the output selection signal is
input.

At this time, the photoelectric conversion element 1315 is
kept in the state ST52 and the transistor 1334 is turned on.

When the transistor 1335 is turned on, the photodetector
illustrated in FIG. 4B outputs an optical data signal from the
rest of the other of the source and the drain of the transistor
1325 or the other of the source and the drain of the transistor
1334. The amount of current flowing through the source and
the drain of the transistor 1325 and the source and the drain
of the transistor 1335 depends on the voltage level of the
gate of the transistor 13256. Thus, optical data has a value
based on the illuminance of light incident on the photoelec-
tric conversion element 1315. That is the example of the
method for driving the photodetector illustrated in FIG. 4B.

As described with reference to FIGS. 4A to 4D, the
example of the photodetector in this embodiment includes
the photoelectric conversion element, the photodetection
control transistor, and the amplifier transistor. The example
of the photodetector in this embodiment has a structure in
which optical data is generated in accordance with a pho-
todetection control signal and is output as a data signal in
accordance with an output selection signal. With such a
structure, the photodetector can generate and output optical
data.

(Embodiment 5)

In this embodiment, examples of the display circuit in the
input-output device in the above embodiment are described.

Examples of the display circuit in this embodiment are
described with reference to FIGS. 5A to 5D. FIGS. 5Ato 5D
illustrate the examples of the display circuit in this embodi-
ment.

First, structure examples of the display circuit in this
embodiment are described with reference to FIGS. 5A and
5B. FIGS. 5A and 5B illustrate the structure examples of the
display circuit in this embodiment.
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The display circuit illustrated in FIG. 5A includes a
transistor 151a, a liquid crystal element 1524, and a capaci-
tor 153a.

Note that in the display circuit illustrated in FIG. 5A, the
transistor 151a is a field-effect transistor.

In addition, in the input-output device, the liquid crystal
element includes a first display electrode, a second display
electrode, and a liquid crystal layer. The light transmittance
of the liquid crystal layer changes depending on voltage
applied between the first display electrode and the second
display electrode.

Further, in the input-output device, the capacitor includes
a first capacitor electrode, a second capacitor electrode, and
a dielectric layer overlapping with the first capacitor elec-
trode and the second capacitor electrode. Electrical charge is
accumulated in the capacitor in accordance with voltage
applied between the first capacitor electrode and the second
capacitor electrode.

A display data signal is input to one of a source and a drain
of the transistor 151a, and a display selection signal is input
to a gate of the transistor 151a.

The first display electrode of the liquid crystal element
152a is electrically connected to the other of the source and
the drain of the transistor 151a. Voltage V_ is input to the
second display electrode of the liquid crystal element 152a4.
The level of the voltage V_ can be set as appropriate.

The first capacitor electrode of the capacitor 153a is
electrically connected to the other of the source and the drain
of the transistor 151a. The voltage V_, is input to the second
capacitor electrode of the capacitor 153a.

The display circuit illustrated in FIG. 5B includes a
transistor 1515, a liquid crystal element 1524, a capacitor
1534, a capacitor 154, a transistor 155, and a transistor 156.

Note that in the display circuit illustrated in FIG. 5B, the
transistor 1515, the transistor 155, and the transistor 156 are
field-effect transistors.

A display data signal is input to one of a source and a drain
of the transistor 155. A write selection signal (also referred
to as a signal WSEL) that is a pulse signal is input to a gate
of the transistor 155. The write selection signal can be
generated by output of a pulse signal from a shift register
included in a circuit, for example.

A first capacitor electrode of the capacitor 154 is electri-
cally connected to the other of the source and the drain of the
transistor 155. The voltage V. is input to a second capacitor
electrode of the capacitor 154.

One of a source and a drain of the transistor 1515 is
electrically connected to the other of the source and the drain
of the transistor 155. A display selection signal is input to a
gate of the transistor 15164.

A first display electrode of the liquid crystal element 1526
is electrically connected to the other of the source and the
drain of the transistor 1515. The voltage V_ is input to a
second display electrode of the liquid crystal element 1525.

A first capacitor electrode of the capacitor 1535 is elec-
trically connected to the other of the source and the drain of
the transistor 1515. The voltage V. is input to a second
capacitor electrode of the capacitor 1535. The level of the
voltage V_ is set as appropriate in accordance with the
specification of the display circuit.

Reference voltage is input to one of a source and a drain
of the transistor 156. The other of the source and the drain
of the transistor 156 is electrically connected to the other of
the source and the drain of the transistor 1515. A display
reset signal (also referred to as a signal DRST) that is a pulse
signal is input to a gate of the transistor 156.
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Further, the components of the display circuits illustrated
in FIGS. SA and 5B are described.

The transistors 151a and 1515 function as display selec-
tion transistors.

As each of the liquid crystal layers of the liquid crystal
elements 1524 and 1525, a liquid crystal layer for transmit-
ting light when voltage applied to a first display electrode
and a second display electrode is 0 V can be used. For
example, a liquid crystal layer containing an electrically
controlled birefringence liquid crystal (also referred to as an
ECB liquid crystal), a liquid crystal to which a dichroic
pigment is added (also referred to as a GH liquid crystal), a
polymer dispersed liquid crystal, or a discotic liquid crystal
can be used. A liquid crystal layer exhibiting a blue phase
may be used as the liquid crystal layer. The liquid crystal
layer exhibiting a blue phase contains, for example, a liquid
crystal composition including a liquid crystal exhibiting a
blue phase and a chiral agent. The liquid crystal exhibiting
a blue phase has a short response time of 1 ms or less, and
is optically isotropic; thus, alignment treatment is not
needed and viewing angle dependence is small. Thus, with
the liquid crystal exhibiting a blue phase, operation speed
can be improved. For example, the filed-sequential input-
output device in the above embodiment needs higher opera-
tion speed than a display device using a color filter; thus, it
is preferable that the liquid crystal exhibiting a blue phase be
used in the liquid crystal element in the filed-sequential
input-output device in the above embodiment.

The capacitor 153a functions as a storage capacitor in
which voltage whose level is based on a display data signal
is applied between the first capacitor electrode and the
second capacitor electrode with the transistor 151a. The
capacitor 1535 functions as a storage capacitor in which
voltage whose level is based on a display data signal is
applied between the first capacitor electrode and the second
capacitor electrode with the transistor 1515. The capacitors
153a and 1535 are not necessarily provided; however, with
the capacitors 1534 and 1534, fluctuation in voltage applied
to the liquid crystal elements due to the leakage current of
the display selection transistors can be suppressed.

The capacitor 154 functions as a storage capacitor in
which voltage whose level is based on a display data signal
is applied between the first capacitor electrode and the
second capacitor electrode with the transistor 155.

The transistor 155 functions as a write selection transistor
for selecting whether a display data signal is input to the
capacitor 154.

The transistor 156 functions as a display reset selection
transistor for selecting whether voltage applied to the liquid
crystal element 1525 is reset.

Note that as each of the transistors 151a, 15154, 155, and
156, for example, it is possible to use a transistor including
a semiconductor layer containing a semiconductor that
belongs to Group 14 in the periodic table (e.g., silicon) or a
transistor including an oxide semiconductor layer. Channels
are formed in the semiconductor layer and the oxide semi-
conductor layer of the transistors.

Next, examples of methods for driving the display circuits
illustrated in FIGS. 5A and 5B are described.

First, the example of the method for driving the display
circuit illustrated in FIG. SA is described with reference to
FIG. 5C. FIG. 5C is a timing chart for describing the
example of the method for driving the display circuit illus-
trated in FIG. 5A, which illustrates states of the display data
signal and the display selection signal.

20

30

35

40

45

20

In the example of the method for driving the display
circuit illustrated in FIG. 5A, the transistor 151a is turned on
by input of the pulse of the display selection signal.

When the transistor 151qa is turned on, a display data
signal is input to the display circuit, so that the voltage level
of the first display electrode of the liquid crystal element
152a and the voltage level of the first capacitor electrode of
the capacitor 153a are equivalent to the voltage level of the
display data signal.

At this time, the liquid crystal element 1524 is set to be
in a write state (also referred to as a state wt) and the light
transmittance of the liquid crystal element 152a is based on
the display data signal, so that the display circuit is set to be
in a display state based on data of the display data signal
(data D11 to data DX).

Then, the transistor 151a is turned off, and the liquid
crystal element 1524 is set to be in a hold state (also referred
to as a state hld) and holds voltage applied between the first
display electrode and the second display electrode so that the
amount of fluctuation in the voltage from the initial value
does not exceed a reference value until when the next pulse
of'the display selection signal is input. In addition, when the
liquid crystal element 1524 is in the hold state, the light unit
in the input-output device in the above embodiment is lit.

Next, the example of the method for driving the display
circuit illustrated in FIG. 5B is described with reference to
FIG. 5D. FIG. 5D is a timing chart for illustrating the
example of the method for driving the display circuit illus-
trated in FIG. 5B.

In the example of the method for driving the display
circuit illustrated in FIG. 5B, the transistor 156 is turned on
by input of the pulse of the display reset signal, so that the
voltage of the first display electrode of the liquid crystal
element 1524 and the voltage of the first capacitor electrode
of the capacitor 1535 are reset to the reference voltage.

The transistor 155 is turned on by input of the pulse of a
write selection signal, and a display data signal is input to the
display circuit, so that the voltage level of the first capacitor
electrode of the capacitor 154 is equivalent to the voltage
level of the display data signal.

After that, the transistor 1515 is turned on by input of the
pulse of the display selection signal, so that the voltage level
of the first display electrode of the liquid crystal element
1524 and the voltage level of the first capacitor electrode of
the capacitor 1535 are equivalent to the voltage level of the
first capacitor electrode of the capacitor 154.

At this time, the liquid crystal element 1525 is set to be
in a write state and the light transmittance of the liquid
crystal element 1525 is based on the display data signal, so
that the display circuit is set to be in a display state based on
data of the display data signal (data D11 to data DX).

Then, the transistor 1515 is turned off, and the liquid
crystal element 1525 is set to be in a hold state and holds
voltage applied between the first display electrode and the
second display electrode so that the amount of fluctuation in
the voltage from the initial value does not exceed a reference
value until when the next pulse of the display selection
signal is input. In addition, when the liquid crystal element
15254 is in the hold state, the light unit in the input-output
device in the above embodiment is lit.

As described with reference to FIGS. 5A and 5B, the
example of the display circuit in this embodiment has a
structure in which the display selection transistor and the
liquid crystal element are provided. With such a structure,
the display circuit can be set to be in a display state based
on a display data signal.
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Further, as described with reference to FIG. 5B, the
example of the display circuit in this embodiment has a
structure in which the write selection transistor and the
capacitor are provided in addition to the display selection
transistor and the liquid crystal element. With such a struc-
ture, while the liquid crystal element is set to be in a display
state based on data of a display data signal, data of the next
display data signal can be written to the capacitor. Thus, the
operation speed of the display circuit can be improved.
(Embodiment 6)

In this embodiment, an example of the second light unit
of the input-output device in Embodiment 2 is described.

A structure example of a light unit in this embodiment is
described with reference to FIG. 6. FIG. 6 is a schematic
view illustrating the structure example of the light unit in
this embodiment.

The light unit illustrated in FIG. 6 includes a light source
201, a light guide plate 202, and a fixing member 203.
Further, the light unit illustrated in FIG. 6 overlaps with a
photodetector in a pixel portion (PX) 205.

As the light source 201, a light-emitting diode that emits
light with a wavelength in an infrared range can be used, as
described in Embodiment 2.

The fixing member 203 has a function of fixing the light
source 201 and the light guide plate 202. A light-blocking
material is preferably used for the fixing member 203. With
the use of a light-blocking material for the fixing member
203, leakage of light emitted from the light source 201 to the
outside can be prevented. Note that the fixing member 203
is not necessarily provided.

In the light unit illustrated in FIG. 6, light emitted from
the light source 201 enters the light guide plate 202. For
example, in the case where an object is not in contact with
the light guide plate 202, light emitted from the light source
201 is totally reflected in the light guide plate 202. Further,
in the case where an object (e.g., a finger 204) is in contact
with the light guide plate 202, light emitted from the light
source 201 is scattered in a portion where the finger 204 is
in contact with the light guide plate 202 and enters the
photodetector.

On and off of the light unit illustrated in FIG. 6 may be
switched by a photo regulation circuit.

As described with reference to FIG. 6, in the example of
the light unit in this embodiment, the light source and the
light guide plate are provided, light emitted from the light
source is totally reflected in the light guide plate, and when
the object is in contact with the light guide plate, in the
contact portion, light reflected by the object enter the pho-
todetector. With such a structure, the influence of light in an
environment in which the input-output device is placed can
be reduced.

(Embodiment 7)

In this embodiment, transistors that can be used as tran-
sistors included in the input-output device described in the
above embodiment are described.

In the input-output device described in the above embodi-
ment, as the transistor, for example, it is possible to use a
transistor including a semiconductor layer containing a
semiconductor that belongs to Group 14 in the periodic table
(e.g., silicon) or a transistor including an oxide semicon-
ductor layer. Channels are formed in the semiconductor
layer and the oxide semiconductor layer of the transistors.
Note that a layer in which a channel is formed is also
referred to as a channel formation layer.
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Note that the semiconductor layer may be a single crystal
semiconductor layer, a polycrystalline semiconductor layer,
a microcrystalline semiconductor layer, or an amorphous
semiconductor layer.

In the input-output device described in the above embodi-
ment, as the transistor including the oxide semiconductor
layer, for example, a transistor including an oxide semicon-
ductor layer that is highly purified to be intrinsic (also
referred to as i-type) or substantially intrinsic can be used.
Purification is a general idea including the following cases:
the case where hydrogen in an oxide semiconductor layer is
removed as much as possible and the case where oxygen is
supplied to an oxide semiconductor layer and defects due to
oxygen deficiency of the oxide semiconductor layer are
reduced.

Structure examples of the transistor including the oxide
semiconductor layer are described with reference to FIGS.
7A to 7D. FIGS. 7A to 7D are schematic cross-sectional
views each illustrating a structure example of the transistor
in this embodiment.

The transistor illustrated in FIG. 7A is a kind of bottom-
gate transistor called an inverted-staggered transistor.

The transistor illustrated in FIG. 7A includes a conductive
layer 401a, an insulating layer 402a, an oxide semiconduc-
tor layer 403a, a conductive layer 405q, and a conductive
layer 406a.

The conductive layer 401qa is provided over a substrate
400q. The insulating layer 402a is provided over the con-
ductive layer 401a. The oxide semiconductor layer 403a
overlaps with the conductive layer 401a with the insulating
layer 402a provided therebetween. The conductive layer
4054 and the conductive layer 406a are each provided over
part of the oxide semiconductor layer 403a.

Further, in the transistor illustrated in FIG. 7A, part of a
top surface of the oxide semiconductor layer 403a (part of
the oxide semiconductor layer 403a over which neither the
conductive layer 4054 nor the conductive layer 406a is
provided) is in contact with an oxide insulating layer 407a.

A transistor illustrated in FIG. 7B is a kind of bottom-gate
transistor called a channel-protective (channel-stop) transis-
tor and is also called an inverted-staggered transistor.

The transistor illustrated in FIG. 5B includes a conductive
layer 40154, an insulating layer 4025, an oxide semiconduc-
tor layer 4035, a conductive layer 4055, a conductive layer
4065, and an oxide insulating layer 4075.

The conductive layer 4015 is provided over a substrate
4005. The insulating layer 4024 is provided over the con-
ductive layer 4015. The oxide semiconductor layer 4035
overlaps with the conductive layer 4015 with the insulating
layer 4025 provided therebetween. The oxide insulating
layer 4075 is provided over the oxide semiconductor layer
4035. The conductive layer 4056 and the conductive layer
4065 are provided over part of the oxide semiconductor
layer 4035 with the oxide insulating layer 4075 provided
therebetween.

A transistor illustrated in FIG. 7C is a kind of bottom-gate
transistor.

The transistor illustrated in FIG. 7C includes a conductive
layer 401c, an insulating layer 402c¢, an oxide semiconductor
layer 403¢, a conductive layer 405¢, and a conductive layer
406¢.

The conductive layer 401c¢ is provided over a substrate
400c. The insulating layer 402¢ is provided over the con-
ductive layer 401c. The conductive layer 405¢ and the
conductive layer 406¢ are provided over part of the insulat-
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ing layer 402¢. The oxide semiconductor layer 403¢ over-
laps with the conductive layer 401c¢ with the insulating layer
402¢ provided therebetween.

Further, in FIG. 7C, an upper surface and side surfaces of
the oxide semiconductor layer 403¢ in the transistor are in
contact with an oxide insulating layer 407c.

Note that in FIGS. 7A to 7C, a protective insulating layer
may be provided over the oxide insulating layer.

A ftransistor illustrated in FIG. 7D is a kind of top-gate
transistor.

The transistor illustrated in FIG. 7D includes a conductive
layer 4014, an insulating layer 4024, an oxide semiconduc-
tor layer 403d, a conductive layer 4054, and a conductive
layer 406d.

The oxide semiconductor layer 403d is provided over a
substrate 4004 with an insulating layer 447 provided ther-
ebetween. The conductive layer 4054 and the conductive
layer 4064 are provided over part of the oxide semiconduc-
tor layer 403d. The insulating layer 4024 is provided over
the oxide semiconductor layer 4034, the conductive layer
405d, and the conductive layer 406d. The conductive layer
401d overlaps with the oxide semiconductor layer 4034 with
the insulating layer 4024 provided therebetween.

Further, components illustrated in FIGS. 7A to 7D are
described.

As each of the substrates 400a to 4004, a light-transmit-
ting substrate such as a glass substrate or a plastic substrate
can be used, for example.

The insulating layer 447 functions as a base layer for
preventing diffusion of impurity elements from the substrate
4004.

The insulating layer 447 can be, for example, a silicon
nitride layer, a silicon oxide layer, a silicon nitride oxide
layer, a silicon oxynitride layer, an aluminum oxide layer, or
an aluminum oxynitride layer. The insulating layer 447 can
be formed using a stack of materials which can be used for
the insulating layer 447.

The conductive layers 401a to 401d each function as a
gate of the transistor. Note that a layer functioning as a gate
of a transistor is also referred to as a gate electrode or a gate
wiring.

Note that the transistor in this embodiment may include a
conductive layer overlapping with the conductive layer
functioning as a gate with the oxide semiconductor layer
provided therebetween, in addition to the components of the
transistors illustrated in FIGS. 7A to 7D. The conductive
layer also functions as a gate of the transistor. With such a
structure, the threshold voltage of the transistor can be
controlled and light can be prevented from entering the
oxide semiconductor layer.

Each of the conductive layers 401a to 4014 can be, for
example, a layer of a metal material such as molybdenum,
titanium, chromium, tantalum, tungsten, aluminum, copper,
neodymium, or scandium or an alloy material containing the
metal material as a main component. The conductive layers
401a to 4014 may be formed using a stack of materials
which can be used for the conductive layers 401a to 4014.

The insulating layers 402a to 402d each function as a gate
insulating layer of the transistor. Note that a layer function-
ing as a gate insulating layer of a transistor is also referred
to as a gate insulating layer.

As each of the insulating layers 402a to 402c, a silicon
oxide layer, a silicon nitride layer, a silicon oxynitride layer,
a silicon nitride oxide layer, an aluminum oxide layer, an
aluminum nitride layer, an aluminum oxynitride layer, an
aluminum nitride oxide layer, or a hathium oxide layer can
be used, for example. The insulating layers 402a to 402¢ can
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be formed using a stack of materials which can be used for
the insulating layers 402a to 402c¢. The oxide insulating
layer 402d can be an oxide insulating layer, for example, a
silicon oxide layer.

The oxide semiconductor layers 403a to 4034 each func-
tion as a layer in which a channel of the transistor is formed.
Examples of an oxide semiconductor that can be used for the
oxide semiconductor layers 403a to 4034 include a four-
component metal oxide, a three-component metal oxide, and
a two-component metal oxide. The oxide semiconductor
includes at least one element selected from In, Ga, Sn, Zn,
Al, Mg, Hf, or lanthanoid. As the four-component metal
oxide, an In—Sn—Ga—Zn—O-based metal oxide or the
like can be used, for example. As the three-component metal
oxide, an In—Ga—Zn—O-based metal oxide, an In—Sn—
Zn—0O-based metal oxide, an In—Al—Zn—O-based metal
oxide, a Sn—Ga—7Zn—O-based metal oxide, an Al—Ga—
Zn—0O-based metal oxide, a Sn—Al—Z7n—0O-based metal
oxide, an In—Hf—Zn—O-based metal oxide, an In—La—
Zn—0O-based metal oxide, an In—Ce—Zn—O-based metal
oxide, an In—Pr—Z7n—0-based metal oxide, an In—Nd—
Zn—0O-based metal oxide, an In—Pm—Zn—O-based metal
oxide, an In—Sm—Zn—O-based metal oxide, an In—FEu—
Zn—0O-based metal oxide, an In—Gd—Zn—0O-based metal
oxide, an In—Tb—Zn—0O-based metal oxide, an In—Dy—
Zn—0O-based metal oxide, an In—Ho—Zn—0-based metal
oxide, an In—Fr—Zn—O-based metal oxide, an In—Tm—
Zn—I-based metal oxide, an In—Yb—Zn—0-based metal
oxide, an In—Lu—Zn—O-based metal oxide, or the like
can be used, for example. As the two-component metal
oxide, an In—Zn—0O-based metal oxide, a Sn—Zn—O-
based metal oxide, an Al—Zn—O-based metal oxide, a
Zn—Mg—O0-based metal oxide, a Sn—Mg—O-based metal
oxide, an In—Mg—O-based metal oxide, an In—Sn—O-
based metal oxide, an In—Ga—O-based metal oxide, or the
like can be used, for example. An In—O-based metal oxide,
a Sn—O-based metal oxide, a Zn—0O-based metal oxide, or
the like can be used as the oxide semiconductor, for
example. The metal oxide that can be used as the oxide
semiconductor may contain silicon oxide.

In the case where all In—7n—O-based metal oxide is
used, for example, an oxide target having the following
composition ratios can be used for deposition of an In—
Zn—O-based metal oxide semiconductor layer: In:Zn=50:1
to 1:2 (In,05:Zn0=25:1 to 1:4 in a molar ratio), preferably
In:Zn=20:1to0 1:1 (In,05:Zn0=10:1 to 1:2 in a molar ratio),
more preferably In:Zn=15:1 to 1.5:1 (In,05:Zn0O=15:2 to
3:4 in a molar ratio). For example, when the atomic ratio of
the target used for the deposition of the In—Z7n—O-based
oxide semiconductor is expressed by In:Zn:O=P:Q:R,
R>1.5P+Q. The increase in the In content makes the mobil-
ity of the transistor higher.

As the oxide semiconductor, a material represented by
InMO,;(Zn0),, (m is larger than 0) can be used. Here, M in
InMO,(Zn0),, represents one or more metal elements
selected from Ga, Al, Mn, or Co.

The conductive layers 405a to 4054 and the conductive
layers 4064 to 4064 each function as a source or a drain of
the transistor. Note that a layer functioning as a source of a
transistor is also referred to as a source electrode or a source
wiring, and a layer functioning as a drain of a transistor is
also referred to as a drain electrode or a drain wiring.

Each of the conductive layers 405a to 4054 and the
conductive layers 406a to 4064 can be, for example, a layer
of a metal material such as aluminum, chromium, copper,
tantalum, titanium, molybdenum, or tungsten; or an alloy
material containing the metal material as a main component.
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The conductive layers 405a to 4054 and the conductive
layers 406a to 4064 can be formed using a stack of materials
which can be used for the conductive layers 405a to 4054
and the conductive layers 406a to 4064.

Alternatively, each of the conductive layers 405a to 4054
and the conductive layers 406a to 4064 can be a layer
containing a conductive metal oxide. As the conductive
metal oxide, indium oxide, tin oxide, zinc oxide, an alloy of
indium oxide and tin oxide, or an alloy of indium oxide and
zinc oxide can be used, for example. Note that the conduc-
tive metal oxide which can be used for each of the conduc-
tive layers 405a to 4054 and the conductive layers 4064 to
4064 may contain silicon oxide.

The oxide insulating layers 407a to 407¢ can be, for
example, a silicon oxide layer or the like. Note that the oxide
insulating layer 40756 functions as a layer for protecting a
channel formation layer of the transistor (such a layer is also
referred to as a channel protective layer).

Note that the transistor in this embodiment does not
necessarily have a structure in which the entire oxide
semiconductor layer overlaps with the conductive layer
functioning as a gate electrode as illustrated in FIGS. 7A to
7D. However, when the transistor in this embodiment has a
structure in which the entire oxide semiconductor layer
overlaps with the conductive layer functioning as a gate
electrode, light can be prevented from entering the oxide
semiconductor layer.

As an example of a method for forming the transistor in
this embodiment, an example of a method for forming the
transistor illustrated in FIG. 7A is described with reference
to FIGS. 8A to 8E. FIGS. 8A to 8E are schematic cross-
sectional views illustrating the example of the method for
forming the transistor in FIG. 7A.

First, as illustrated in FIG. 8A, the substrate 400a is
prepared and a first conductive film is formed over the
substrate 400qa. Part of the first conductive film is etched so
that the conductive layer 401aq is formed.

For example, the first conductive film can be formed by
formation of a layer of a material that can be used for the
conductive layer 401a by sputtering. Alternatively, the first
conductive film can be formed using a stack of layers of
materials that can be used for the conductive layer 401a.

Note that when a high-purity gas from which an impurity
such as hydrogen, water, a hydroxyl group, or hydride is
removed is used as a sputtering gas, for example, the
impurity concentration in the film can be lowered.

Note that preheating treatment may be performed in a
preheating chamber of a sputtering apparatus before the film
is formed by sputtering. By the preheating treatment, an
impurity such as hydrogen or moisture can be eliminated.

Before the film is formed by sputtering, for example,
treatment by which voltage is applied to a target side, not to
a target side, in an argon, nitrogen, helium, or oxygen
atmosphere with the use of an RF power and plasma is
generated so that a surface of the substrate on which the film
is formed is modified (such treatment is also referred to as
reverse sputtering) may be performed. By reverse sputtering,
powdery substances (also referred to as particles or dust)
that attach onto the surface on which the film is formed can
be removed.

In the case where the film is formed by sputtering,
moisture remaining in a deposition chamber for the film can
be removed by an adsorption vacuum pump or the like. A
cryopump, an ion pump, a titanium sublimation pump, or the
like can be used as the adsorption vacuum pump. Alterna-
tively, moisture remaining in the deposition chamber can be
removed by a turbo pump provided with a cold trap.
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For example, a resist mask is formed over part of the first
conductive film by a photolithography process and the first
conductive film is etched using the resist mask, so that the
conductive layer 401a can be formed. Note that in that case,
the resist mask is removed after the conductive layer 401a
is formed.

The resist mask may be formed by an inkjet method. A
photomask is not needed in an inkjet method; thus, manu-
facturing cost can be reduced. In addition, the resist mask
may be formed using an exposure mask having a plurality of
regions with different transmittances (such an exposure
mask is also referred to as a multi-tone mask). With the
multi-tone mask, a resist mask having a plurality of regions
with different thicknesses can be formed, so that the number
of resist masks used for the formation of the transistor can
be reduced.

Next, as illustrated in FIG. 8B, the insulating layer 402a
is formed by formation of a first insulating film over the
conductive layer 401a.

For example, the first insulating film can be formed by
formation of a layer of a material that can be used for the
insulating layer 402a by sputtering, plasma-enhanced CVD,
or the like. The first insulating film can be formed by a stack
of layers of materials that can be used for the insulating layer
402aq. Further, when the layer of a material that can be used
for the insulating layer 402a is formed by high-density
plasma-enhanced CVD (e.g., high-density plasma-enhanced
CVD using microwaves (e.g., microwaves with a frequency
of 2.45 GHz)), the insulating layer 402a can be dense and
can have higher breakdown voltage.

Then, as illustrated in FIG. 8C, an oxide semiconductor
film is formed over the insulating layer 402a. After that, part
of the oxide semiconductor film is etched so that the oxide
semiconductor layer 403a is formed.

For example, the oxide semiconductor film can be formed
by formation of a layer of an oxide semiconductor material
that can be used for the oxide semiconductor layer 403a by
sputtering. Note that the oxide semiconductor film may be
formed in a rare gas atmosphere, an oxygen atmosphere, or
a mixed atmosphere of a rare gas and oxygen.

For example, the oxide semiconductor film can be formed
using an oxide target having a composition ratio of In,0;:
Ga,0;:Zn0=1:1:1 (in a molar ratio) as a sputtering target.
Alternatively, for example, the oxide semiconductor film
may be formed using an oxide target having a composition
ratio of In,0,:Ga,0;:Zn0O=1:1:2 (in a molar ratio).

When the oxide semiconductor film is formed by sput-
tering, the substrate 4004 may be kept under reduced pres-
sure and heated at 100 to 600° C., preferably 200 to 400° C.
By heating of the substrate 400a, the impurity concentration
in the oxide semiconductor film can be lowered and damage
to the oxide semiconductor film during the sputtering can be
reduced.

For example, the oxide semiconductor film can be etched
using a resist mask which is formed over part of the oxide
semiconductor film by a photolithography process, so that
the oxide semiconductor layer 403a can be formed. Note
that in that case, the resist mask is removed after the oxide
semiconductor film is etched.

Then, as illustrated in FIG. 8D, a second conductive film
is formed over the insulating layer 402¢ and the oxide
semiconductor layer 403a and partly etched so that the
conductive layers 405a and 406a are formed.

For example, the second conductive film can be formed
by formation of a layer of a material that can be used for the
conductive layers 4054 and 406a by sputtering or the like.
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Alternatively, the second conductive film can be formed
using a stack of films of materials that can be used for the
conductive layers 405a and 406a.

For example; a resist mask is formed over part of the
second conductive film by a photolithography process and
the second conductive film is etched using the resist mask,
so that the conductive layers 4054 and 406a can be formed.
Note that in that case, the resist mask is removed after the
conductive layers 405a and 406a are formed.

Then, as illustrated in FIG. 8E, the oxide insulating layer
407a is formed so as to be in contact with the oxide
semiconductor layer 403a.

For example, the oxide insulating layer 407a can be
formed by formation of a film that can be used for the oxide
insulating layer 407a in a rare gas (typically, argon) atmo-
sphere, an oxygen atmosphere, or a mixed atmosphere of a
rare gas and oxygen by sputtering. By formation of the oxide
insulating layer 407a by sputtering, the decrease in resis-
tance of part of the oxide semiconductor layer 403a that
functions as a back channel of the transistor can be pre-
vented. The temperature of the substrate at the time of the
formation of the oxide insulating layer 407a is preferably
higher than or equal to room temperature and lower than or
equal to 300° C.

Before the formation of the oxide insulating layer 407a,
plasma treatment using a gas such as N,O, N,, or Ar may be
performed so that water or the like adsorbed onto an exposed
surface of the oxide semiconductor layer 403a is removed.
In the case where the plasma treatment is performed, the
oxide insulating layer 407q is preferably formed after the
plasma treatment without exposure to air.

In addition, in the example of the method for forming the
transistor illustrated in FIG. 7A, heat treatment is performed
at higher than or equal to 400° C. and lower than or equal
to 750° C., or higher than or equal to 400° C. and lower than
the strain point of the substrate, for example. For example,
the heat treatment is performed after the oxide semiconduc-
tor film is formed, after part of the oxide semiconductor film
is etched, after the second conductive film is formed, after
part of the second conductive film is etched, or after the
oxide insulating layer 4074 is formed.

Note that a heat treatment apparatus for the heat treatment
can be an electric furnace or an apparatus for heating an
object by heat conduction or heat radiation from a heater
such as a resistance heater. For example, an RTA (rapid
thermal annealing) apparatus such as a GRTA (gas rapid
thermal annealing) apparatus, or an LRTA (lamp rapid
thermal annealing) apparatus can be used. An LRTA appa-
ratus is an apparatus for heating an object by radiation of
light (an electromagnetic wave) emitted from a lamp such as
a halogen lamp, a metal halide lamp, a xenon arc lamp, a
carbon arc lamp, a high pressure sodium lamp, or a high
pressure mercury lamp. A GRTA apparatus is an apparatus
with which heat treatment is performed using a high-
temperature gas. As the high-temperature gas, for example,
a rare gas or an inert gas (e.g., nitrogen) which does not react
with an object by heat treatment can be used.

After the heat treatment, a high-purity oxygen gas, a
high-purity N,O gas, or ultra-dry air (with a dew point of
-40° C. or lower, preferably —-60° C. or lower) may be
introduced into the furnace that has been used in the heat
treatment while the heating temperature is maintained or
decreased. In that case, it is preferable that water, hydrogen,
and the like be not contained in the oxygen gas or the N,O
gas. The purity of the oxygen gas or the N,O gas which is
introduced into the heat treatment apparatus is preferably 6
N or higher, more preferably 7 N or higher. That is, the
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impurity concentration in the oxygen gas or the N,O gas is
1 ppm or lower, preferably 0.1 ppm or lower. By the action
of the oxygen gas or the N,O gas, oxygen is supplied to the
oxide semiconductor layer 403a, so that the oxide semicon-
ductor layer 403a can be highly purified.

Further, in addition to the heat treatment, after the oxide
insulating layer 407q is formed, heat treatment (preferably at
200 to 400° C., for example, 250 to 350° C.) may be
performed in an inert gas atmosphere or an oxygen gas
atmosphere.

Further, oxygen doping treatment using oxygen plasma
may be performed after the formation of the insulating layer
4024, after the formation of the oxide semiconductor film,
after the formation of the conductive layer serving as a
source electrode or a drain electrode, after the formation of
the oxide insulating layer, or after the heat treatment. For
example, oxygen doping treatment using a high-density
plasma of 2.45 GHz may be performed. By the oxygen
doping treatment, variations in electrical characteristics of
the transistors can be reduced.

Through the steps, an impurity such as hydrogen, mois-
ture, a hydroxyl group, or hydride (also referred to as a
hydrogen compound) is removed from the oxide semicon-
ductor layer 403a and oxygen is supplied to the oxide
semiconductor layer 403a. Thus, by the action of the oxygen
gas or the N,O gas, defects caused by oxygen deficiency in
the oxide semiconductor layer 403a can be reduced.

Note that although the example of the method for forming
the transistor illustrated in FIG. 7A is described, this
embodiment is not limited to this example. For example, as
for the components in FIGS. 7B to 7D that have the same
designations as the components in FIG. 7A and whose
functions are at least partly the same as those of the
components in FIG. 7A, the description of the example of
the method for forming the transistor illustrated in FIG. 7A
can be referred to as appropriate.

As described with reference to FIGS. 7A to 7D and FIGS.
8A to 8E, the example of the transistor in this embodiment
includes a conductive layer functioning as a gate electrode;
an insulating layer functioning as a gate insulating layer; an
oxide semiconductor layer which includes a channel and
overlaps with conductive layer functioning as a gate with the
insulating layer functioning as a gate insulating layer pro-
vided therebetween; a conductive layer which is electrically
connected to the oxide semiconductor layer and functions as
one of a source and a drain; and a conductive layer which is
electrically connected to the oxide semiconductor layer and
functions as the other of the source and the drain.

The oxide semiconductor layer in which a channel is
formed is an oxide semiconductor layer which is made to be
intrinsic (i-type) or substantially intrinsic (i-type) by puri-
fication. By purification of the oxide semiconductor layer,
the carrier concentration in the oxide semiconductor layer
can be lower than 1x10'*cm?, preferably lower than
1x10'?%/cm?, more preferably lower than 1x10"!/cm?, so that
changes in characteristics due to temperature change can be
suppressed. Further, with the above structure, off-state cur-
rent per micrometer of channel width can be 10 aA (1x1077
A) or less, 1 aA (1x107'® A) or less, 10 zA (1x1072° A) or
less, 1 zA (1x1072! A) or less, or 100 yA (1x1072% A) or less.
It is preferable that the off-state current of the transistor be
as low as possible. The lower limit of the off-state current of
the transistor in this embodiment is estimated at about 10~>°
A/um.

A calculation example of the off-state current of the
example of the transistor including an oxide semiconductor
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layer in this embodiment, in which leakage current mea-
surement with a circuit for evaluating characteristics is
utilized, is described below.

The leakage current measurement with a circuit for evalu-
ating characteristics is described with reference to FIGS. 9A
and 9B. FIGS. 9A and 9B illustrate the circuit for evaluating
characteristics.

First, the structure of the circuit for evaluating character-
istics is described with reference to FIG. 9A. FIG. 9A is a
circuit diagram illustrating the structure of the circuit for
evaluating characteristics.

The circuit for evaluating characteristics illustrated in
FIG. 9A includes a plurality of measurement systems 801.
The plurality of measurement systems 801 are connected in
parallel. Here, as an example, eight measurement systems
801 are connected in parallel. Plural kinds of measurement
can be performed using the plurality of measurement sys-
tems 801.

The measurement system 801 includes a transistor 811, a
transistor 812, a capacitor 813, a transistor 814, and a
transistor 815.

Voltage V1 is input to one of a source and a drain of the
transistor 811, and voltage Vext_a is input to a gate of the
transistor 811. The transistor 811 is a transistor for injecting
electrical charge.

One of a source and a drain of the transistor 812 is
connected to the other of the source and the drain of the
transistor 811. Voltage V2 is input to the other of the source
and the drain of the transistor 812. Voltage Vext_b is input
to a gate of the transistor 812. The transistor 812 is a
transistor for evaluating leakage current. Note that the
leakage current here includes the off-state current of a
transistor.

A first capacitor electrode of the capacitor 813 is con-
nected to the other of the source and the drain of the
transistor 811. The voltage V2 is input to a second capacitor
electrode of the capacitor 813. Note that here, the voltage V2
isOV.

Voltage V3 is input to one of a source and a drain of the
transistor 814. A gate of the transistor 814 is connected to the
other of the source and the drain of the transistor 811. Note
that a portion where the gate of the transistor 814, the one
of the source and the drain of the transistor 811, the other of
the source and the drain of the transistor 812, and the first
capacitor electrode of the capacitor 813 are connected to
each other is referred to as a node A. Note that here, the
voltage V3 is 5 V.

One of a source and a drain of the transistor 815 is
connected to the other of the source and the drain of the
transistor 814. Voltage V4 is input to the other of the source
and the drain of the transistor 815. Voltage Vext_c is input
to a gate of the transistor 815. Note that here, the voltage
Vext_cis 0.5 V.

The measurement system 801 outputs the voltage of a
portion where the other of the source and the drain of the
transistor 814 is connected to the one of the source and the
drain of the transistor 815, as output voltage Vout.

Here, a transistor having a channel length I of 10 um and
a channel width W of 10 um and including an oxide
semiconductor layer is used as an example of the transistor
811. A transistor having a channel length L. of 3 pm and a
channel width W of 100 um and including an oxide semi-
conductor layer is used as an example of each of the
transistors 814 and 815. A bottom-gate transistor including
an oxide semiconductor layer in which a source and drain
electrodes are on and in contact with the oxide semiconduc-
tor layer, a region where the source and drain electrodes
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overlap with a gate electrode is not provided, and an offset
region with a width of 1 pum is provided is used as an
example of the transistor 812. Provision of the offset region
can reduce parasitic capacitance. Further, as the transistor
812, samples (also referred to as SMP) of six transistors
having different channel lengths . and different channel
widths W are used (see Table 1).

TABLE 1

L [um] W [pm]
SMP1 1.5 1x10°
SMP2 3 1x10°
SMP3 10 1x10°
SMP4 1.5 1x10°
SMP5 3 1x10°
SMP6 10 1x 10°

By separately providing a transistor for injecting electrical
charge and a transistor for evaluating leakage current as
illustrated in FIG. 9A, the transistor for evaluating leakage
current can be always kept off at the time of electrical charge
injection. Without provision of the transistor for injecting
electrical charge, the transistor for evaluating leakage cur-
rent needs to be turned on at the time of electrical charge
injection. In that case, if the transistor for evaluating leakage
current is an element that takes a long time to turn into a
steady off-state from an on state, the measurement takes a
long time.

In addition, by separately providing a transistor for inject-
ing electrical charge and a transistor for evaluating leakage
current, each of the transistors can have appropriate size.
Further, by making the channel width W of the transistor for
evaluating leakage current larger than that of the transistor
for injecting electrical charge, the leakage current compo-
nent of the circuit for evaluating characteristics other than
the leakage current of the transistor for evaluating leakage
current can be made relatively low. Accordingly, the leakage
current of the transistor for evaluating leakage current can be
measured with high accuracy. Further, the transistor for
evaluating leakage current does not need to be turned on at
the time of electrical charge injection; thus, there is no
influence of fluctuation in the voltage of the node A caused
by part of the electrical charge in the channel formation
region of the transistor for evaluating leakage current flow-
ing to the node A.

In contrast, by making the channel width W of the
transistor for injecting electrical charge smaller than that of
the transistor for evaluating leakage current, the leakage
current of the transistor for injecting electrical charge can be
made relatively low. Further, there is small influence of
fluctuation in the voltage of the node A caused by part of the
electrical charge in the channel formation region flowing to
the node A at the time of electrical charge.

Next, a method for measuring the leakage current of the
circuit for evaluating characteristics illustrated in FIG. 9A is
described with referent to FIG. 9B. FIG. 9B is a timing chart
for describing the method for measuring the leakage current
with the use of the circuit for evaluating characteristics
illustrated in FIG. 9A.

In the method for measuring the leakage current with the
use of the circuit for evaluating characteristics illustrated in
FIG. 9A, a period is divided into a writing period and a
holding period. The operation in each period is described
below.

In the writing period, voltage VL (=3 V) that turns off the
transistor 812 is input as the voltage Vext_b. Further, write
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voltage Vw is input as the voltage V1, and then, voltage VH
(5 V) that keeps the transistor 811 on for a certain period is
input as the voltage Vext_a. Thus, electrical charge is
accumulated in the node A, and the voltage of the node A is
equivalent to the write voltage Vw. Then, the voltage VL that
turns off the transistor 811 is input as the voltage Vext_a.
Then, voltage VSS (0 V) is input as the voltage V1.

In the holding period, the amount of change in the voltage
of the node A due to the change in the amount of electrical
charge held in the node A is measured. From the amount of
change in voltage, the value of current flowing between the
source electrode and the drain electrode of the transistor 812
can be calculated. As described above, electrical charge can
be accumulated in the node A, and the amount of change in
the voltage of the node A can be measured.

At this time, accumulation of electrical charge in the node
A and measurement of the amount of change in the voltage
of the node A (also referred to as accumulation and mea-
surement operation) are repeated. First, first accumulation
and measurement operation is repeated 15 times. In the first
accumulation and measurement operation, a voltage of 5V
is input as the write voltage Vw in a writing period and is
held for 1 h in a holding period. Next, second accumulation
and measurement operation is repeated twice. In the second
accumulation and measurement operation, a voltage of 3.5V
is input as the write voltage Vw in a writing period and is
held for 50 h in a holding period. Then, third accumulation
and measurement operation is performed once. In the third
accumulation and measurement operation, a voltage of 4.5V
is input as the write voltage Vw in a writing period and is
held for 10 h in a holding period. By repeating the accu-
mulation and measurement operation, it can be confirmed
that measured current values are values in the steady state.
In other words, it is possible to remove transient current
(current decreasing over time after the start of the measure-
ment) from I, (current flowing through the node A). Accord-
ingly, leakage current can be measured with higher accuracy.

In general, the voltage V , of the node A is expressed by
Formula 1 as a function of the output voltage Vout.

[Formula 1]
V=F(Vout) (D

In addition, the electrical charge Q, of the node A is
expressed by Formula 2 using the voltage V , of the node A,
capacitance C, connected to the node A, and a constant
(const). Here, the capacitance C, connected to the node A is
the sum of the capacitance of the capacitor 813 and the
capacitance components other than the capacitance of the
capacitor 813.

[Formula 2]

Q,=C,V s+const

@
The current 1, of the node A is a time-derivative term of
electrical charge flowing to the node A (or electrical charge

flowing from the node A), and is thus expressed by Formula
3.

[Formula 3]
;o AQs  Cy AF(Vour) 3)
ATTAr T T AT

Note that here, as an example, At is about 54000 s. The
current 1, of the node
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A, which is leakage current, can be obtained from the
capacitance C, connected to the node A and the output
voltage Vout in this manner; thus, the leakage current of the
circuit for evaluating characteristics can be obtained.

Next, measurement results of the output voltage obtained
by the measurement method using the circuit for evaluating
characteristics, and the leakage current of the circuit for
evaluating characteristics that is calculated from the mea-
surement results are described with reference to FIGS. 10A
and 10B.

For example, FIG. 10A illustrates the relationship
between the elapsed time

Time of the measurement (the first accumulation and
measurement operation) and the output voltage Vout in the
transistors of SMP4, SMP5, and SMP6. F1G. 10B illustrates
the relationship between the elapsed time Time of the
measurement and the current I, calculated by the measure-
ment. FIG. 10A shows that the output voltage Vout fluctuates
after the start of the measurement and it takes 10 h or longer
for the transistors to go into the steady state.

FIG. 11 illustrates the relationship between the voltage of
the node A and the leakage current in the SMP1 to SMP6
estimated from values obtained in the measurement. In FIG.
11, for example, in the case of SMP4, leakage current is 28
yA/um when the voltage of the node A is 3.0 V. Since the
leakage current includes the off-state current of the transistor
812, the off-state current of the transistor 812 can be
considered to be 28 yA/um or lower.

FIG. 12, FIG. 13, and FIG. 14 illustrate the relationship
between the voltage of the node A and the leakage current in
the SMP1 to SMP6 estimated from the measurement at 85°
C., 125° C,, and 150° C. As illustrated in FIG. 12, FIG. 13,
and FIG. 14, even at 150° C., the leakage current is 100
zA/um or lower.

As described above, the leakage current of the circuit for
evaluating characteristics using a transistor including a
highly-purified oxide semiconductor layer serving as a chan-
nel formation layer is sufficiently low, which means that the
off-state current of the transistor is sufficiently low. In
addition, it turns out that the off-state current of the transistor
is sufficiently low even when the temperature rises.
(Embodiment 8)

In this embodiment, structure examples of the input-
output device in the above embodiment are described.

The input-output device in this embodiment includes a
first substrate (an active matrix substrate) provided with a
semiconductor element such as a transistor, a second sub-
strate, and a liquid crystal layer provided between the first
substrate and the second substrate.

First, structure examples of the active matrix substrate in
this embodiment are described with reference to FIGS. 15A
and 15B and FIGS. 16A and 16B. FIGS. 15A and 15B and
FIGS. 16A and 16B illustrate structure examples of the
active matrix substrate in the input-output device of this
embodiment. FIG. 15A is a schematic plan view, and FIG.
15B is a schematic cross-sectional view taken along line
A-B in FIG. 15A. FIG. 16A is a schematic plan view, and
FIG. 16B is a schematic cross-sectional view taken along
line C-D in FIG. 16A. Note that in FIGS. 16A and 16B, a
photodetector with the structure of FIG. 4A is used as an
example of a photodetector. In FIGS. 15A and 15B and
FIGS. 16A and 16B, the transistor with the structure
described with reference to FIG. 7A is used as an example
of a transistor.

The active matrix substrate illustrated in FIGS. 15A and
15B and FIGS. 16A and 16B includes a substrate 500,
conductive layers 501a to 5014, an insulating layer 502,
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semiconductor layers 503a to 5034, conductive layers 504a
to 504%, an insulating layer 505, a semiconductor layer 506,
a semiconductor layer 507, a semiconductor layer 508, an
insulating layer 509, and conductive layers 510a to 510c.

Each of the conductive layers 501a to 501/ is formed over
one surface of the substrate 500.

The conductive layer 501a functions as a gate of a display
selection transistor in a display circuit.

The conductive layer 5015 functions as a first capacitor
electrode of a storage capacitor in the display circuit. Note
that a layer that functions as a first capacitor electrode of a
capacitor (a storage capacitor) is also referred to as a first
capacitor electrode.

The conductive layer 501¢ functions as a wiring through
which the voltage V,, is input. Note that a layer that functions
as a wiring is also referred to as a wiring.

The conductive layer 5014 functions as a gate of a
photodetection control transistor in the photodetector.

The conductive layer 501e¢ functions as a signal line
through which a photodetection control signal is input. Note
that a layer that functions as a signal line is also referred to
as a signal line.

The conductive layer 501/ functions as a gate of an output
control transistor in the photodetector.

The conductive layer 501g functions as a gate of an
amplifier transistor in the photodetector.

The insulating layer 502 is provided over the one surface
of the substrate 500 with the conductive layers 501a to 501/
provided therebetween.

The insulating layer 502 functions as a gate insulating
layer of the display selection transistor in the display circuit,
a dielectric layer of the storage capacitor in the display
circuit, a gate insulating layer of the photodetection control
transistor in the photodetector, a gate insulating layer of the
amplifier transistor in the photodetector, and a gate insulat-
ing layer of the output selection transistor in the photode-
tector.

The semiconductor layer 503a overlaps with the conduc-
tive layer 501a¢ with the insulating layer 502 provided
therebetween. The semiconductor layer 503a functions as a
channel formation layer of the display selection transistor in
the display circuit.

The semiconductor layer 5035 overlaps with the conduc-
tive layer 5014 with the insulating layer 502 provided
therebetween. The semiconductor layer 50356 functions as a
channel formation layer of the photodetection control tran-
sistor in the photodetector.

The semiconductor layer 503¢ overlaps with the conduc-
tive layer 501f with the insulating layer 502 provided
therebetween. The semiconductor layer 503¢ functions as a
channel formation layer of the output selection transistor in
the photodetector.

The semiconductor layer 5034 overlaps with the conduc-
tive layer 501g with the insulating layer 502 provided
therebetween. The semiconductor layer 5034 functions as a
channel formation layer of the amplifier transistor in the
photodetector.

The conductive layer 504aq is electrically connected to the
semiconductor layer 503a. The conductive layer 504a func-
tions as one of a source and a drain of the display selection
transistor in the display circuit.

The conductive layer 5045 is electrically connected to the
conductive layer 5016 and the semiconductor layer 503a.
The conductive layer 5046 functions as the other of the
source and the drain of the display selection transistor in the
display circuit.
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The conductive layer 504¢ overlaps with the conductive
layer 5015 with the insulating layer 502 provided therebe-
tween. The conductive layer 504¢ functions as a second
capacitor electrode of the storage capacitor in the display
circuit.

The conductive layer 5044 is electrically connected to the
conductive layer 501c¢ through an opening that penetrates the
insulating layer 502. The conductive layer 5044 functions as
one of a first current terminal and a second current terminal
of a photoelectric conversion element in the photodetector.

The conductive layer 504¢ is electrically connected to the
semiconductor layer 50354. The conductive layer 504e func-
tions as one of a source and a drain of the photodetection
control transistor in the photodetector.

The conductive layer 504fis electrically connected to the
semiconductor layer 5035 and is electrically connected to
the conductive layer 501g through an opening that pen-
etrates the insulating layer 502. The conductive layer 504/
functions as the other of the source and the drain of the
photodetection control transistor in the photodetector.

The conductive layer 504g is electrically connected to the
conductive layer 5014 and the conductive layer 501e
through an opening that penetrates the insulating layer 502.
The conductive layer 504g functions as a signal line through
which a photodetection control signal is input.

The conductive layer 504/ is electrically connected to the
semiconductor layer 503¢. The conductive layer 504/ func-
tions as one of a source and a drain of the output selection
transistor in the photodetector.

The conductive layer 504; is electrically connected to the
semiconductor layer 503¢ and the semiconductor layer
503d. The conductive layer 504: functions as the other of the
source and the drain of the output selection transistor in the
photodetector and one of a source and a drain of the
amplifier transistor in the photodetector.

The conductive layer 504/ is electrically connected to the
semiconductor layer 5034 and is electrically connected to
the conductive layer 501/ through an opening that pen-
etrates the insulating layer 502. The conductive layer 5015
functions as the other of the source and the drain of the
amplifier transistor in the photodetector.

The conductive layer 504% is electrically connected to the
conductive layer 501/ through an opening that penetrates
the insulating layer 502. The conductive layer 504% func-
tions as a wiring through which the voltage V, or the voltage
V, is input.

The insulating layer 505 is in contact with the semicon-
ductor layers 503a to 5034 with the conductive layers 504a
to 504% provided therebetween.

The semiconductor layer 506 is electrically connected to
the conductive layer 5044 through an opening that pen-
etrates the insulating layer 505.

The semiconductor layer 507 is in contact with the
semiconductor layer 506.

The semiconductor layer 508 is in contact with the
semiconductor layer 507.

The insulating layer 509 overlaps with the insulating layer
505, the semiconductor layer 506, the semiconductor layer
507, and the semiconductor layer 508. The insulating layer
509 functions as a planarization insulating layer in the
display circuit and the photodetector. Note that the insulat-
ing layer 509 is not necessarily provided.

The conductive layer 510q is electrically connected to the
conductive layer 5045 through an opening that penetrates
the insulating layers 505 and 509. The conductive layer 510a
functions as a pixel electrode of a display element in the
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display circuit. Note that a layer that functions as a pixel
electrode is also referred to as a pixel electrode.

The conductive layer 5105 is electrically connected to the
conductive layer 504¢ through an opening that penetrates the
insulating layers 505 and 509. The conductive layer 5105
functions as a wiring through which the voltage V_ is input.

The conductive layer 510c is electrically connected to the
conductive layer 504¢ through an opening that penetrates the
insulating layers 505 and 509 and is electrically connected
to the semiconductor layer 508 through an opening that
penetrates the insulating layers 505 and 509.

A structure example of the input-output device in this
embodiment is described with reference to FIGS. 17A and
17B. FIGS. 17A and 17B are schematic cross-sectional
views illustrating the structure example of the input-output
device in this embodiment. FIG. 17A is a schematic cross-
sectional view of a display circuit, and FIG. 17B is a
schematic cross-sectional view of a photodetector. Note that
a display element is a liquid crystal element, for example.

The input-output device illustrated in FIGS. 17A and 17B
includes a substrate 512, a light-blocking layer 513, a
coloring layer 514, a coloring layer 515, an insulating layer
516, a conductive layer 517, and a liquid crystal layer 518
in addition to the active matrix substrate illustrated in FIGS.
15A and 15B and FIGS. 16A and 16B.

The light-blocking layer 513 is provided on part of one
surface of the substrate 512.

The coloring layer 514 is provided on part of the substrate
512 where the light-blocking layer 513 is not provided, and
overlaps with the semiconductor layer 506, the semiconduc-
tor layer 507, and the semiconductor layer 508.

The coloring layer 515 overlaps with the coloring layer
514.

The insulating layer 516 is provided on the one surface of
the substrate 512 with the light-blocking layer 513, the
coloring layer 514, and the coloring layer 515 provided
therebetween.

The conductive layer 517 is provided on the one surface
of the substrate 512. The conductive layer 517 functions as
a common electrode in the display circuit. Note that in the
photodetector, the conductive layer 517 is not necessarily
provided.

The liquid crystal layer 518 is provided between the
conductive layer 510a and the conductive layer 517 and
overlaps with the semiconductor layer 508 with the insulat-
ing layer 509 provided therebetween.

Note that the conductive layer 510q, the liquid crystal
layer 518, and the conductive layer 517 function as a display
element in the display circuit.

Further, the components of the input-output device illus-
trated in FIGS. 17A and 17B are described.

As each of the substrate 500 and the substrate 512, it is
possible to use a substrate that can be used as the substrate
4004 in FIG. 7A.

As the conductive layers 5014 to 5014, it is possible to use
a layer of a material that can be used for the conductive layer
401q in FIG. 7A. Alternatively, the conductive layers 501a
to 50111 may be formed using a stack of layers of materials
that can be used for the conductive layer 401a.

As the insulating layer 502, it is possible to use a layer of
a material that can be used for the insulating layer 402a in
FIG. 7A. Alternatively, the insulating layer 502 may be
formed using a stack of layers of materials that can be used
for the insulating layer 402a.

As the semiconductor layers 503a to 5034, it is possible
to use a layer of a material that can be used for the oxide
semiconductor layer 403a in FIG. 7A. Note that as the
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semiconductor layers 503a to 503d, a semiconductor layer
using a semiconductor that belongs to Group 14 in the
periodic table (e.g., silicon) may be used.

As the conductive layers 504a to 504£, it is possible to use
a layer of a material that can be used for the conductive layer
4054 or the conductive layer 406a in FIG. 7A.

Alternatively, the conductive layers 504a to 5044 may be
formed using a stack of layers of materials that can be used
for the conductive layer 405a or the conductive layer 406a.

As the insulating layer 505, it is possible to use a layer of
a material that can be used for the oxide insulating layer
407q in FIG. 7A. Alternatively, the insulating layer 505 may
be formed using a stack of layers of materials that can be
used for the oxide insulating layer 407a.

The semiconductor layer 506 is a semiconductor layer
with one conductivity (one of p-type conductivity or n-type
conductivity). As the semiconductor layer 506, a semicon-
ductor layer containing silicon can be used, for example.

The semiconductor layer 507 has lower resistance than
the semiconductor layer 506. As the semiconductor layer
507, a semiconductor layer containing silicon can be used,
for example.

The semiconductor layer 508 is a semiconductor layer
whose conductivity is different from the conductivity of the
semiconductor layer 506 (the other of the p-type conduc-
tivity and the n-type conductivity). As the semiconductor
layer 508, a semiconductor layer containing silicon can be
used, for example.

As the insulating layer 509 and the insulating layer 516,
for example, a layer of an organic material such as polyim-
ide, acrylic, or benzocyclobutene can be used. Alternatively,
as the insulating layer 509, a layer of a low-dielectric
constant material (also referred to as a low-k material) can
be used.

As the conductive layers 510a to 510¢ and the conductive
layer 517, for example, a layer of a light-transmitting
conductive material such as indium tin oxide, a metal oxide
in which zinc oxide is mixed in indium oxide (such a metal
oxide is also referred to as indium zinc oxide (IZO)), a
conductive material in which silicon oxide (Si0O,) is mixed
in indium oxide, organoindium, organotin, indium oxide
containing tungsten oxide, indium zinc oxide containing
tungsten oxide, indium oxide containing titanium oxide, or
indium tin oxide containing titanium oxide can be used.

The conductive layers 510a to 510c¢ and the conductive
layer 517 can be formed using a conductive composition
containing a conductive high-molecular compound (also
referred to as a conductive polymer). A conductive layer
formed using the conductive composition preferably has a
sheet resistance of 10000 ohm/square or less and a trans-
mittance of 70% or more at a wavelength of 550 nm. Further,
the resistivity of the conductive high-molecular compound
contained in the conductive composition is preferably 0.1
€2-cm or less.

As the conductive high-molecular compound, a so-called
7c electron conjugated conductive high-molecular com-
pound can be used. For example, polyaniline and/or a
derivative thereof, polypyrrole and/or a derivative thereof,
polythiophene and/or a derivative thereof, and a copolymer
of two or more kinds of those materials can be given as the
7t electron conjugated conductive high-molecular com-
pound.

As the light-blocking layer 513, a layer formed using a
metal material can be used, for example.

The coloring layer 514 is one of a red coloring layer and
a blue coloring layer.
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The coloring layer 515 is the other of the red coloring
layer and the blue coloring layer.

Note that the stack of the coloring layer 514 and the
coloring layer 515 functions as a filter for absorbing visible
light.

The liquid crystal layer 518 can be, for example, a layer
containing a TN liquid crystal, an OCB liquid crystal, an
STN liquid crystal, a VA liquid crystal, an ECB liquid
crystal, a GH liquid crystal, a polymer dispersed liquid
crystal, or a discotic liquid crystal can be used. Note that for
the liquid crystal layer 518, a liquid crystal that transmits
light when voltage applied to the conductive layer 510¢ and
the conductive layer 517 is 0 V is preferably used.

As described with reference to FIGS. 15A and 15B, FIGS.
16A and 16B, and FIGS. 17A and 17B, the structure
example of the input-output device in this embodiment
includes the active matrix substrate provided with the tran-
sistor, the pixel electrode, and the photoelectric conversion
element, a counter substrate, and the liquid crystal layer
having a liquid crystal between the active matrix substrate
and the counter substrate. With such a structure, the display
circuit and the photodetector can be manufactured over one
substrate in the same steps; thus, manufacturing cost can be
reduced.

As described with reference to FIGS. 17A and 17B, the
structure example of the input-output device in this embodi-
ment includes the filter that overlaps with the photoelectric
conversion element and absorbs visible light. With such a
structure, visible light (e.g., light of a light-emitting diode
that emits visible light) can be prevented from entering the
photoelectric conversion element, so that accuracy of pho-
todetection in an infrared range can be improved.
(Embodiment 9)

In this embodiment, electronic devices each including the
input-output device described in the above embodiment are
described.

Structure examples of electronic devices in this embodi-
ment are described with reference to FIGS. 18A to 18F.
FIGS. 18A to 18F illustrate the structure examples of the
electronic devices in this embodiment.

The electronic device illustrated in FIG. 18A is a personal
digital assistant. The personal digital assistant illustrated in
FIG. 18A includes at least an input-output portion 1001. In
the personal digital assistant illustrated in FIG. 18A, for
example, the input-output portion 1001 can be provided with
an operation portion 1002. For example, when the input-
output device in the above embodiment is used for the
input-output portion 1001, operation of the personal digital
assistant or input of data to the personal digital assistant can
be performed with a finger or a pen.

The electronic device illustrated in FIG. 18B is an infor-
mation guide terminal including a car navigation system, for
example. The information guide terminal illustrated in FIG.
18B includes an input-output portion 1101, operation but-
tons 1102, and an external input terminal 1103. For example,
when the input-output device in the above embodiment is
used for the input-output portion 1101, operation of the
information guide terminal or input of data to the informa-
tion guide terminal can be performed with a finger or a pen.

The electronic device illustrated in FIG. 18C is a laptop
personal computer. The laptop personal computer illustrated
in FIG. 18C includes a housing 1201, an input-output
portion 1202, a speaker 1203, an LED lamp 1204, a pointing
device 1205, a connection terminal 1206, and a keyboard
1207. For example, when the input-output device in the
above embodiment is used for the input-output portion 1202,
operation of the laptop personal computer or input of data to
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the laptop personal computer can be performed with a finger
or a pen. Further, the input-output device in the above
embodiment may be used for the pointing device 1205.

The electronic device illustrated in FIG. 18D is a portable
game machine. The portable game machine illustrated in
FIG. 18D includes an input-output portion 1301, an input-
output portion 1302, a speaker 1303, a connection terminal
1304, an LED lamp 1305, a microphone 1306, a recording
medium read portion 1307, operation buttons 1308, and a
sensor 1309. For example, when the input-output device in
the above embodiment is used for either one or both the
input-output portion 1301 and the input-output portion 1302,
operation of the portable game machine or input of data to
the portable game machine can be performed with a finger
or a pen.

The electronic device illustrated in FIG. 18E is an e-book
reader. The e-book reader illustrated in FIG. 18E includes at
least a housing 1401, a housing 1403, an input-output
portion 1405, an input-output portion 1407, and a hinge
1411.

The housing 1401 and the housing 1403 are connected to
each other with the hinge 1411 so that the e-book reader
illustrated in FIG. 18E can be opened and closed with the
hinge 1411 used as an axis. With such a structure, the e-book
reader can operate like a paper book. The input-output
portion 1405 and the input-output portion 1407 are incor-
porated in the housing 1401 and the housing 1403, respec-
tively. The input-output portion 1405 and the input-output
portion 1407 may display different images. For example,
one image can be displayed across both the input-output
portions. In the case where different images are displayed on
the input-output portion 1405 and the input-output portion
1407, for example, text may be displayed on the input-
output portion on the right side (the input-output portion
1405 in FIG. 18E) and an image may be displayed on the
input-output portion on the left side (the input-output portion
1407 in FIG. 18E).

In addition, in the e-book reader illustrated in FIG. 18E,
the housing 1401 or the housing 1403 may be provided with
an operation portion or the like. For example, the e-book
reader illustrated in FIG. 18E may include a power switch
1421, operation keys 1423, and a speaker 1425. In the
e-book reader illustrated in FIG. 18E, pages of an image
with the plurality of pages can be turned with the operation
key 1423. Further, in the e-book reader illustrated in FIG.
18E, a keyboard, a pointing device, or the like may be
provided in either one or both the input-output portion 1405
and the input-output portion 1407. Furthermore, in the
e-book reader illustrated in FIG. 18E, an external connection
terminal (e.g., an earphone terminal, a USB terminal, or a
terminal that can be connected to an AC adapter or a variety
of cables such as USB cables), a recording medium insertion
portion, or the like may be provided on the back surface or
side surface of the housing 1401 and the housing 1403. The
e-book reader illustrated in FIG. 18E may function as an
electronic dictionary.

For example, when the input-output device in the above
embodiment is used for either one or both the input-output
portion 1405 and the input-output portion 1407, operation of
the e-book reader or input of data to the e-book reader can
be performed with a finger or a pen.

The electronic device illustrated in FIG. 18F is a display.
The display illustrated in FIG. 18F includes a housing 1501,
an input-output portion 1502, a speaker 1503, an LED lamp
1504, operation buttons 1505, a connection terminal 1506, a
sensor 1507, a microphone 1508, and a support base 1509.
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For example, when the input-output device in the above
embodiment is used for the input-output portion 1502,
operation of the display or input of data to the display can
be performed with a finger or a pen.

As described with reference to FIGS. 18A to 18F, the
electronic devices in this embodiment each include an
input-output portion in which the input-output device in the
above embodiment is used. With such a structure, the
influence of light in an environment in which the electronic
device is placed can be reduced, so that the accuracy of
photodetection in the input-output portion can be improved.

This application is based on Japanese Patent Application
serial No. 2010-137090 filed with Japan Patent Office on
Jun. 16, 2010, the entire contents of which are hereby
incorporated by reference.

What is claimed is:

1. An input-output device comprising:

a light unit comprising Z (7 is a natural number of 3 or
more) first light-emitting diodes emitting light with a
wavelength in a visible light range and a second
light-emitting diode emitting light with a wavelength in
an infrared range;

X (X is a natural number) display circuits overlapping
with the light unit; and

a plurality of photodetectors overlapping with the light
unit,

wherein the plurality of photodetectors include a filter for
absorbing light with a wavelength in a visible light
range,

wherein each of the plurality of photodetectors comprises
a first transistor, a second transistor and a photoelectric
conversion element,

wherein one of a source electrode and a drain electrode of
the first transistor is electrically connected to the pho-
toelectric conversion element,

wherein a gate of the second transistor is electrically
connected to the other of the source electrode and the
drain electrode of the first transistor,

wherein the Z first light-emitting diodes configured to
emit light of different colors,

wherein the Z first light-emitting diodes configured to
emit light sequentially in a first frame period,

wherein the second light-emitting diode is configured not
to emit light during a first period in which a first
light-emitting diode of the Z first light-emitting diodes
emits light and configured to emit light during a second
period in which second to Z-th light-emitting diodes of
the Z first light emitting diodes emit light sequentially,
in the first frame period,

wherein the X display circuits are configured to receive a
display selection signal, receive a display data signal in
accordance with the display selection signal, and set to
be in a display state in accordance with data of the
display data signal, and

wherein the plurality of photodetectors are configured to
perform detection by a global shutter method in which
the plurality of photodetectors receive the same pho-
todetection control signal, and generate data based on
illuminance of incident light in accordance with the
photodetection control signal during the second period
of the first frame period.

2. The input-output device according to claim 1,

wherein the photoelectric conversion element comprises a
first conductive layer, a semiconductor layer over the
first conductive layer and a second conductive layer
over the semiconductor layer,
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wherein the semiconductor layer comprises a silicon
layer,

wherein one of the source electrode and the drain elec-
trode of the first transistor is electrically connected to
the second conductive layer,

wherein the first transistor and the second transistor are
field effect transistors,

wherein the photoelectric conversion element is config-
ured to supply current between the first conductive
layer and the second conductive layer in accordance
with illuminance of incident light,

wherein the photodetection control signal is input to a
gate of the first transistor, and

wherein the second transistor is configured to output data
based on the illuminance of the incident light as a data
signal from a source electrode or a drain electrode.

3. The input-output device according to claim 2,

wherein the first transistor comprises an oxide semicon-
ductor layer and the source electrode and the drain
electrode over and in contact with the oxide semicon-
ductor layer,

wherein the oxide semiconductor layer comprises an
intrinsic or substantially intrinsic oxide semiconductor,
and

wherein the first transistor includes the oxide semicon-
ductor layer which has a carrier concentration of lower
than 1x10"%cm?.

4. The input-output device according to claim 1, further

comprising:

a reading circuit configured to read data based on the
illuminance of the incident light supplied from the
plurality of photodetectors; and

a data processing circuit configured to generate difference
data between two pieces of data based on the illumi-
nance of the incident light read by the reading circuit.

5. An input-output device comprising:

a first light unit comprising Z (7 is a natural number of 3
or more) first light-emitting diodes emitting light with
a wavelength in a visible light range;

a second light unit comprising a second light-emitting
diode emitting light with a wavelength in an infrared
range;

X (X is a natural number) display circuits provided
between the first light unit and the second light unit;
and

a plurality of photodetectors provided between the first
light unit and the second light unit,

wherein the plurality of photodetectors include a filter for
absorbing light with a wavelength in a visible light
range,

wherein each of the plurality of photodetectors comprises
a first transistor, a second transistor and a photoelectric
conversion element,

wherein one of a source electrode and a drain electrode of
the first transistor is electrically connected to the pho-
toelectric conversion element,

wherein a gate of the second transistor is electrically
connected to the other of the source electrode and the
drain electrode of the first transistor,

wherein the Z first light-emitting diodes configured to
emit light of different colors,

wherein the Z first light-emitting diodes configured to
emit light sequentially in a first frame period,

wherein the second light-emitting diode is configured not
to emit light during a first period in which a first
light-emitting diode of the Z first light-emitting diodes
emits light and configured to emit light during a second
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period in which second to Z-th light-emitting diodes of
the Z first light emitting diodes emit light sequentially,
in the first frame period,

wherein the X display circuits are configured to receive a
display selection signal, receive a display data signal in
accordance with the display selection signal, and set to
be in a display state in accordance with data of the
display data signal, and

wherein the plurality of photodetectors are configured to
perform detection by a global shutter method in which
the plurality of photodetectors receive the same pho-
todetection control signal, and generate data based on
illuminance of incident light in accordance with the
photodetection control signal during the second period
of the first frame period.

6. The input-output device according to claim 5,

wherein the photoelectric conversion element comprises a
first conductive layer, a semiconductor layer over the
first conductive layer and a second conductive layer
over the semiconductor layer,

wherein the semiconductor layer comprises a silicon
layer,

wherein one of the source electrode and the drain elec-
trode of the first transistor is electrically connected to
the second conductive layer,

wherein the first transistor and the second transistor are
field effect transistors,

wherein the photoelectric conversion element is config-
ured to supply current between the first conductive
layer and the second conductive layer in accordance
with illuminance of incident light,

wherein the photodetection control signal is input to a
gate of the first transistor, and

wherein the second transistor is configured to output data
based on the illuminance of the incident light as a data
signal from a source electrode or a drain electrode.

7. The input-output device according to claim 6,

wherein the first transistor comprises an oxide semicon-
ductor layer and a source electrode and a drain elec-
trode over and in contact with the oxide semiconductor
layer,

wherein the oxide semiconductor layer comprises an
intrinsic or substantially intrinsic oxide semiconductor,
and

wherein the first transistor includes the oxide semicon-
ductor layer which has a carrier concentration of lower
than 1x10"*cm?.

8. The input-output device according to claim 5, further

comprising:

a reading circuit configured to read data based on the
illuminance of the incident light supplied from the
plurality of photodetectors; and

a data processing circuit configured to generate difference
data between two pieces of data based on the illumi-
nance of the incident light read by the reading circuit.

9. A method for driving an input-output device compris-

ing a light unit including Z (Z is a natural number of 3 or
more) first light-emitting diodes emitting light with a wave-
length in a visible light range and a second light-emitting
diode emitting light with a wavelength in an infrared range,
X(X is a natural number) display circuits overlapping with
the light unit, and a plurality of photodetectors overlapping
with the light unit and including a filter for absorbing light
with a wavelength in a visible light range, wherein the Z first
light-emitting diodes configured to emit light of different
colors, and wherein each of the plurality of photodetectors
comprises a first transistor, a photoelectric conversion ele-
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ment electrically connected to one of a source electrode or
a drain electrode of the first transistor, and a second tran-
sistor whose gate is electrically connected to the other of the
source electrode and the drain electrode of the first transistor,
comprising the steps of:

supplying a display selection signal and a display data

signal in accordance with the display selection signal to
the X display circuits;

setting the X display circuits in a display state in accor-

dance with data of the display data signal;
emitting light from the Z first light-emitting diodes
sequentially in each of a first frame period and a second
frame period set by the display selection signal;

supplying the same photodetection control signal to all of
the plurality of photodetectors so as to perform a first
detection by a global shutter method to generate a
plurality of pieces of first data in the first frame period
during which the second light-emitting diode emits
light;

supplying the same photodetection control signal to all of

the plurality of photodetectors so as to perform a
second detection by the global shutter method to gen-
erate a plurality of pieces of second data in the second
frame period during which the second light-emitting
diode does not emit light; and

generating third data corresponding to difference between

the first data and the second data,
wherein in the first frame period, the second light-emit-
ting diode does not emit light during a first period in
which a first light-emitting diode of the Z first light-
emitting diodes emits light and emits light during a
period in which second to Z-th light-emitting diodes of
the Z first light emitting diodes emit light sequentially,

wherein in each of the plurality of photodetectors, the first
transistor turns on during the first detection in which
the photodetection control signal is supplied to a gate
thereof and then turns off so as to keep a gate voltage
of the second transistor which is based on the illumi-
nance of light incident on the photodetector during the
first detection, and the first data is generated based on
the gate voltage of the second transistor, and

wherein in each of the plurality of photodetectors, the first

transistor turns on during the second detection in which
the photodetection control signal is supplied to the gate
thereof and then turns off so as to keep the gate voltage
of the second transistor which is based on the illumi-
nance of light incident on the photodetector during the
second detection, and the second data is generated
based on the gate voltage of the second transistor.

10. A method for driving an input-output device compris-
ing a first light unit including Z (Z is a natural number of 3
or more) first light-emitting diodes emitting light with a
wavelength in a visible light range, a second light unit
including a second light-emitting diode emitting light with a
wavelength in an infrared range, X (X is a natural number)
display circuits provided between the first light unit and the
second light unit, and a plurality of photodetectors provided
between the first light unit and the second light unit and
including a filter for absorbing light with a wavelength in a
visible light range, wherein the Z first light-emitting diodes
configured to emit light of different colors, and wherein each
of the plurality of photodetectors comprises a first transistor,
a photoelectric conversion element electrically connected to
one of a source electrode or a drain electrode of the first
transistor, and a second transistor whose gate is electrically
connected to the other of the source electrode and the drain
electrode of the first transistor, comprising the steps of:
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supplying a display selection signal and a display data
signal in accordance with the display selection signal to
the X display circuits;

setting the X display circuits in a display state in accor-
dance with data of the display data signal;

lighting the first light unit by emitting light from the Z first
light-emitting diodes sequentially in each of a first
frame period and a second frame period set by the
display selection signal;

supplying the same photodetection control signal to all of
the plurality of photodetectors so as to perform a first
detection by a global shutter method to generate a
plurality of pieces of first datain the first frame period
during which the second light-emitting diode in the
second light unit emits light;

supplying the same photodetection control signal to all of
the plurality of photodetectors so as to perform a
second detection by the global shutter method to gen-
erate a plurality of pieces of second data in the second
frame period during which the second light-emitting
diode in the second light unit does not emit light; and

generating third data corresponding to difference between
the first data and the second data,

wherein in the first frame period, the second light-emit-
ting diode does not emit light during a first period in
which a first light-emitting diode of the Z first light-
emitting diodes emits light and emits light during a
period in which second to Z-th light-emitting diodes of
the Z first light emitting diodes emit light sequentially,

wherein in each of the plurality of photodetectors, the first
transistor turns on during the first detection in which
the photodetection control signal is supplied to a gate
thereof and then turns off so as to keep a gate voltage
of the second transistor which is based on the illumi-
nance of light incident on the photodetector during the
first detection, and the first data is generated based on
the gate voltage of the second transistor, and

wherein in each of the plurality of photodetectors, the first
transistor turns on during the second detection in which
the photodetection control signal is supplied to the gate
thereof and then turns off so as to keep the gate voltage
of the second transistor which is based on the illumi-
nance of light incident on the photodetector during the
second detection, and the second data is generated
based on the gate voltage of the second transistor.

11. The input-output device according to claim 2,

wherein the source electrode, the drain electrode and the
first conductive layer are over and in contact with a first
insulating layer, and

wherein a second insulating layer is provided so as to be
in contact with an oxide semiconductor layer and the
first conductive layer.
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12. The input-output device according to claim 6,

wherein the source electrode, the drain electrode and the

first conductive layer are over and in contact with a first
insulating layer, and

wherein a second insulating layer is provided so as to be

in contact with an oxide semiconductor layer and the
first conductive layer.

13. The method for driving an input-output device accord-
ing to claim 9,

wherein the photoelectric conversion element comprises a

first conductive layer, a semiconductor layer over the
first conductive layer and a second conductive layer
over the semiconductor layer,

wherein the source electrode and the drain electrode of the

first transistor and the first conductive layer are over
and in contact with a first insulating layer,

wherein the first transistor includes an oxide semiconduc-

tor layer,

wherein the oxide semiconductor layer comprises an

intrinsic or substantially intrinsic oxide semiconductor,
and

wherein a second insulating layer is provided so as to be

in contact with the oxide semiconductor layer and the
first conductive layer.

14. The method for driving an input-output device accord-
ing to claim 10,

wherein the photoelectric conversion element comprises a

first conductive layer, a semiconductor layer over the
first conductive layer and a second conductive layer
over the semiconductor layer,

wherein the source electrode and the drain electrode of the

first transistor and the first conductive layer are over
and in contact with a first insulating layer,

wherein the first transistor includes an oxide semiconduc-

tor layer,

wherein the oxide semiconductor layer comprises an

intrinsic or substantially intrinsic oxide semiconductor,
and

wherein a second insulating layer is provided so as to be

in contact with the oxide semiconductor layer and the
first conductive layer.

15. The input-output device according to claim 1, wherein
an off-state current of the first transistor per micrometer of
channel width is between 100 yA and 107°A.

16. The input-output device according to claim 5, wherein
an off-state current of the first transistor per micrometer of
channel width is between 100 yA and 107°°A.

17. The input-output device according to claim 9, wherein
an off-state current of the first transistor per micrometer of
channel width is between 100 yA and 107°A.

18. The input-output device according to claim 10,
wherein an off-state current of the first transistor per
micrometer of channel width is between 100 yA and 1073°A.
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